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Abstract
We explore the phenomenology of the full General Gauge Mediation parameter space in
the MSSM focusing on the consequences of having a fundamental Higgs around 125 GeV.
Assuming GUT-complete structure of the hidden sector, we allow for deviations from
the strict definition of gauge mediated SUSY-breaking coming from mild violations of
messenger-parity and from extra couplings between the Higgs multiplets and the hidden
sector. Relaxing the GUT assumption, our parameter space is defined by the property
of having vanishing A-terms at the messenger scale. In this extended setup we focus on
the possibility of splitting the SU(3) mass parameters of GGM. In all these scenarios we
investigate the possible spectra, discussing to what extent having an Higgs mass around
125 GeV is constraining the GGM parameter space and what are the possible signatures
at LHC.
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1 Introduction
The General Gauge Mediation (GGM) formalism [1, 2] provides a model-independent
definition of the gauge mediation mechanism by requiring that the SUSY-breaking hidden
sector is coupled to a supersymmetric extension of the Standard Model only through
supersymmetric gauge interactions. As a consequence, the two sectors become decoupled
1
in the limit in which we set to zero the three gauge couplings (g1, g2, g3)
1 associated to
the ordinary gauge group of the Standard Model (U(1)× SU(2)× SU(3)).
Most of the explicit realizations of gauge mediation (see [3] for a review and original
references) are included in the GGM formalism which has the advantage of providing
a model-independent identification of the parameter space of gauge mediated SUSY-
breaking theories. Moreover, the GGM parameter space is completely calculable in the
sense that it has been shown to be completely realizable in terms of weakly coupled
messenger models [2, 4]. Each point in the parameter space determines a spectrum of
superpartners at an UV scale which, after an RG-flow evolution, corresponds to a spec-
trum of sparticles at the electroweak scale that characterizes the phenomenology of the
associated model.
The primary motivation of this work is to complement the already existing phenomeno-
logical studies of gauge mediation scenarios in the Minimal Supersymmetric Standard
Model [5–11] with a complete analysis of the full GGM paramater space. Most impor-
tantly, after the announced evidence for the production of a Standard Model-like Higgs
boson with mass near 125 GeV at LHC [12, 13], it is of capital interest to understand
more quantitatively the implications of assuming a 125 GeV Higgs in the MSSM for the
full GGM parameter space, taking a step forward in the same direction of the analyses
already carried out in [14,15].
Leaving aside the Higgs sector and assuming messenger parity, the GGM parameter
space is described by 6 independent parameters which account for the SUSY-breaking
masses for gauginos and sfermions at a certain UV scale that we call Mmess in analogy
with the weakly coupled models with messenger fields. We can write explicit formulas for
the UV soft masses factorizing the dependence on the coupling constants and the typical
loop factors:
Mλ˜i(Mmess) =
g2i (Mmess)
(4pi)2
ΛGi , (1)
m2
f˜
(Mmess) = 2
3∑
i=1
q2
f˜i
ki
g4i (Mmess)
(4pi)4
Λ2Si . (2)
q2
f˜i
= (Y 2, 3/4, 4/3) is the quadratic Casimir of the representation f˜ under the ith gauge
group and ki = (3/5, 1, 1). ΛGi and ΛSi are model-dependent functions of the SUSY-
1In all the explicit formulas we use the GUT normalisation for g1 rather than the Standard Model
normalization.
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breaking scales of the hidden sector and of the typical UV scale Mmess that we assume
to be unique for simplicity. Moreover, Mmess sets the length of the RG-flow evolution
and plays the role of an extra parameter in GGM [16, 17] so that we end up with 6+1
parameters2. The three scalar mass scales ΛSi determine five soft masses for the two
matter doublets and three singlets of the MSSM so that we have two mass sum rules at
the messenger scale Tr(Y m2) = 0 and Tr((B − L)m2) = 0 which are generic predictions
of GGM [1].
In the Higgs sector, the two soft masses m2Hu,d receive a gauge mediation contribution
at the messenger scale Mmess like all the other scalars. At leading order, this contribution
is exactly as the one for the slepton doublet:
m2Hu(Mmess) = m
2
Hd
(Mmess) = m
2
E˜L
(Mmess) =
k1
2
g41(Mmess)
(4pi)4
Λ2S1 +
3k2
2
g42(Mmess)
(4pi)4
Λ2S2 . (3)
Therefore, the Higgs soft terms are determined as functions of the parameters Λ2S1 and
Λ2S2 , the parameter space remains 6+1 dimensional and both the GGM sum rules are
satisfied at the messenger scale if messenger parity is assumed.
In order to achieve a phenomenologically acceptable electroweak symmetry breaking
(EWSB) in gauge mediation, we need to find a way out from the so-called µ/Bµ problem
[18–21], generating a viable µ term and finding a suppression mechanism for the Bµ
contributions. One possibility that goes under the name of Pure General Gauge Mediation
[7, 8] is to keep the strict definition of GGM, having Bµ(Mmess) ' 0 at the UV scale and
generating a viable EWSB by RG-flow evolution [22]. In this scenario Bµ  µ and, as a
consequence, we generically get high values of tan β in the IR.
Another option is to relax the definition of GGM, allowing for direct couplings between
Higgs sector and hidden sector. In this context it is possible to show that in a large class
of models the new interactions generate a non-vanishing Bµ in the UV that can be of the
same order of µ or suppressed by an U(1)R symmetry, but at the same time they add new
contributions to the Higgs soft masses δm2u,d and to the A-terms δAu,d [19–21].
In our analysis we are going to use tan β as free input parameter instead of Bµ and
allowing for possible extra contributions to the Higgs soft masses δm2u,d for consistency.
The two Higgs soft masses at the messenger scale become
m2Hu,d(Mmess) = m
2
E˜L
(Mmess) + δm
2
u,d(Mmess) . (4)
2In general the ΛGi parameters could be complex but we will assume them real in order to avoid
potentially dangerous CP-violating extra-phases.
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Since the contributions to the A-terms have been shown to be generically suppressed
with respect to δm2u,d [20], we will ignore them in the following. This extended scenario
that we call Extended General Gauge Mediation (EGGM) has 6+1+3 parameters and its
characterizing feature is the vanishing of the A-terms at high scale3. A careful discussion
of the fate of the GGM sum rules in this context has been carried out in [17].
The GGM parameter space have been for longtime considered prohibitively large for
an exhaustive survey and this is even more true if we consider its extension that accounts
for the µ/Bµ problem. Moreover, in most of the model building, the hidden sector and
the mediation sector are assumed to have a complete GUT structure at the messenger
scale in order to easily achieve gauge coupling unification so that the whole soft spectrum
is fully determined by two independent parameters ΛG and ΛS which account for gaugino
masses and sfermion masses. In this simplified setting that we call Constrained General
Gauge Mediation (CGGM) the parameter space is restricted to 2+1+1 dimensions and it
becomes 2+1+3 dimensional including extra contributions to the Higgs soft masses.
The CGGM, with or without the inclusion of extra-parameters in the Higgs sector,
has been subject of an intense study in order to understand which are the regions of
the parameter space which satisfies the bounds from collider direct searches, from flavor
observables and from Higgs physics [7–10].
Considering the most general extension of the CGGM we allow also for mild violations
of messenger parity in the hidden sector. The assumption of messenger parity sets to zero
possible messenger parity violating (MPV)DY -term contributions coming from the hidden
sector dynamics. In order to define the most general GGM parameter space, we allow also
for MPV effects [30,31] that we can parametrize with one extra SUSY-breaking scale:
δm2
f˜
(Mmess) = k1
g21(Mmess)
(4pi)2
Yf˜Λ
2
D . (5)
These contributions arise generically at 1-loop in GGM and violate the usual GGM sum
rules separately, letting us with only one combination of the two still satisfied at the
messenger scale: 4Tr((4Y − 5(B − L))m2) = 0.
1-loop DY terms are potentially dangerous because they could dominate over the
usual gauge mediation ones (2) leading, eventually, to tachyonic sfermion masses at the
electroweak scale. However, assuming a GUT-complete structure of the hidden sector,
3In principle this is not always the case and some recent studies have shown how it is possible to
obtain large A-terms in gauge mediation scenarios [23–29].
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the extra MPV contributions (5) arise generically at two loops being of the same order of
the usual gauge mediation effects (2) [30,31].
Consequently, the suppression of the DY tadpoles due to the GGUT assumption opens
up a new viable direction in the parameter space, alleviating the possible issue with
tachyonic spectra at the electroweak scale. We will explain in detail in section 5 how the
contribution (5) is modified under the assumption of GUT-completeness in the hidden
sector and we will show the possible phenomenological consequences of these effects. A
more careful study of the phenomenological consequences of 1-loop DY tadpoles that
could arise in the full GGM parameter space is left for future investigations.
A generic result of our entire analysis is that assuming a Higgs around 125 GeV in
the MSSM is pushing most of the viable spectra of the CGGM out of the present collider
searches. This result, that can be viewed as the top-down counterpart of the analysis
performed in [14], seems to indicate that enforcing the Higgs constraint in the standard
GGM scenarios and requiring a viable spectrum for colliders force us to give up GUT-
completeness at the messenger scale and explore new regions of the parameter space of
GGM in which non-standard hierarchies between the soft terms in the UV are allowed.
As a byproduct, we will show to what extent the GGM framework is still an ef-
fective signature generator for LHC searches [11], investigating the allowed low-energy
phenomenologies which have a Higgs around 125 GeV and their corresponding collider
signatures. In order to pursue this analysis we make use of some model-independent fea-
tures of gauge mediated scenarios as organizing principles for classifying the low-energy
spectrum:
1. The gravitino is always the lightest particle in the spectrum (LSP);
2. The nature of the next-to-lightest-superpartner (NLSP) dictates much of the phe-
nomenology;
3. For each NLSP type we can have different signatures at hadron colliders depending
mostly on the decay length of the NLSP, on the nature of the NNLSP and on the
mass scale of colored superpartners.
In the end, we will also comment on the possibility of having tachyonic UV boundary
conditions for the squark masses, provided the resulting low energy spectrum results
tachyon-free. This scenario has been first suggested in [32, 33] as a way to minimize the
5
fine-tuning problem in the MSSM and has received renewed attention as a mechanism
to satisfy the Higgs mass constraint in gauge mediation keeping reasonably light stop
masses [14]. We will indeed show this mechanism at work in section 6.
We believe that our analysis can help to give an overall picture of the effects of a Higgs
around 125 GeV for GGM, revealing which kind of scenarios are still permitted within
a well defined UV framework in view of the current status of the LHC searches for new
physics.
1.1 Outline and Summary of the Results
In section 2 we give the details about our scan and review the basic phenomenology of
GGM that will be relevant for our study. We first define the ranges for all the parameters
of the EGGM parameter space and then discuss the different constraints imposed in our
scan and their phenomenological implications. Our main focus will be on spectra which
have a Higgs around 125 GeV.
The sizeable fine-tuning induced by requiring a viable EWSB breaking and a Higgs
mass around 125 is an unavoidable drawback of our approach which is compensated by
having a well defined and fully calculable UV framework which is able to predict all the
soft parameters of the MSSM, ensuring their flavor universality.
One of the main motivations of this work is to understand to what extent GGM
remains a powerful framework from which to obtain simplified SUSY spectra for collider
searches [11], and for this reason we summarize in section 2 the main physical features of
the spectrum on which we will be interested in view of collider signature studies.
In sections 3, 4 and 5 we focus on the phenomenology of a restricted parameter space
which is theoretically appealing because it arises naturally from the most general hidden
sector with a GUT-complete structure. In section 3 the phenomenology of the CGGM
case is reviewed. Requiring a Higgs mass around 125 GeV is pushing all the colored
scalars at the multi-TeV scale as expected.
The most interesting region of the parameter space for collider searches is achieved
when the gaugino masses are screened with respect to the scalar ones. This scenario
gives a low energy spectrum with Bino NLSP, neutral Wino NNLSP and charged Wino
and gluino light enough to trigger EW and colored production. The scalar spectrum is
characterized by squark and sleptons at the multi-TeV scale very much like in Split SUSY
scenarios [34–36] with minimal splitting [37–39]. This kind of spectrum is quite generic
6
in the gaugino screening region and does not feel the details of the UV parameters in
the scalar sector, thus we will find it substantially unmodified in sections 3, 4 and 5. In
section 4 we will see that accidental cancellations in the EWSB condition can lead also
to very light Higgsinos which can modify the experimental signature of this scenario.
In the gaugino mediation region of CGGM, where the gaugino masses are heavier than
the scalar ones, we get the standard gauge mediation spectrum with stau NLSP mostly
right-handed. Allowing for extra contributions to the Higgs masses, we can modify this
scenario obtaining a reversed hierarchy among the right-handed sleptons and a selectron
NLSP, or a region of sneutrino co-NLSP with left-handed sleptons much lighter than the
right-handed ones. A region of sneutrino co-NLSP can also be obtained through mild
violations of messenger parity as we will see in section 5.
The detectability of the gaugino mediation scenarios is very much suppressed by the
heaviness of all the gaugino masses that is an unavoidable consequence of the assumption
of GUT completeness. Motivated by this last observation, in section 6 we present scenarios
where the supersymmetry breaking scales associated to the colored and uncolored sector
are split.
In subsection 6.1 we will see how splitting the gluino mass scale can lead to spectra
with gluino NLSP in the gaugino screening region, while in the gaugino mediation region
to a light stau NLSP together with quite light electroweak gauginos. The last mechanism
enhances the EW production of light sleptons and can be extended directly to all the
cases with different slepton NLSP that we found in section 4. Conversely, the effect of
MPV D-terms in section 5 has to be reconsidered for models which are not GUT-complete
but we postpone this analysis for future works.
In subsection 6.2 we will disentangle the SUSY-breaking parameter ΛS3 which con-
tributes to the squark masses. Setting the latter around 10 TeV, we get the typical gauge
mediation spectra with neutralino NLSP, stau NLSP or stau-neutralino co-NLSP that can
be produced in a hadronic collider via a sufficiently light gluino which has a 3-body decay
channel through virtual squarks. This mechanism can be used to enhance the colored
production in all the cases with different slepton NLSP that we found in section 4.
Allowing for tachyonic boundary conditions for the squarks, we briefly comment on the
possibility of achieving maximal mixing scenarios in gauge mediation with zero A-terms.
This scenario might allow for spectra with light stop masses in gauge mediation [14],
alleviating the fine-tuning problem [32, 33]. Unfortunately, in our simulation we do not
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find any region of the parameter space with a stop lighter than 2 TeV, signaling an
unavoidable fine-tuning in gauge mediation with suppressed A-terms.
In section 7 we briefly discuss more general scenarios that can be achieved in the
EGGM parameter space and section 8 contains our conclusions, where further perspectives
of this work are discussed.
2 Phenomenology
Before presenting the constraints on the parameter space and the details of the various
spectra, we summarize the general strategy of our scan and discuss our assumptions and
the constraints that we applied.
We choose to use the standard top-down approach whereby we first fix a certain num-
ber of boundary conditions at the high scale Mmess and then obtain the low energy data
through RG evolution. Of course, this approach can become computationally inefficient
when the number of high energy parameters increases, since most of the model points
generated in a scan of the parameter space will not pass the low-energy constraints on
the soft spectrum. For this reason, in order to explore the 6+1+3 dimensional EGGM
parameter space, we are going to proceed step-by-step, exploring sub-spaces of the general
parameter space, according to each physically interesting region.
For each case we utilized a high performance computing cluster to perform a random
scan of the constrained parameter space under study. To compute the soft spectrum
from the EGGM soft terms we use a version of SoftSUSY 3.3.4 [40] which we modified to
accept three ΛSi and three ΛGi , extra-contributions to the Higgs soft masses, and extra-
contributions to each superpartner mass coming from mild messenger parity violations in
the CGGM case.
Restricting to µ > 0 we consider the following range for the EGGM parameters:
103 GeV < ΛGi < 10
10 GeV , |Λ2Si | < 1020 GeV2 , |δm2u,d| < 1020 GeV2 ;
Max(ΛGi ,ΛSi) < Mmess < 10
14 GeV , 3 < tan β < 70 . (6)
As mentioned in the introduction, we allow also for negative values of Λ2Si and δm
2
u,d, cor-
responding to tachyonic squared masses in the UV. Restricting to GUT-complete hidden
sectors with only one ΛG and ΛS, we add MPV contributions parametrized by ΛD:
− 1020 GeV2 < Λ2D < 1020 GeV2 . (7)
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The lower bound on Mmess is dictated by the requirement of no-tachyons in the mes-
senger sector. Moreover, concerning the explored region for (Mmess,ΛGi ,ΛSi), we require
to be in a regime where gauge mediation dominates over gravity effects. This translates
into a bound on the gravitino mass that we loosely estimate as
m3/2 ' MmessMax(ΛGi ,ΛSi ; ΛD)√
3k˜MPlanck
< 10 GeV . (8)
Taking the maximum of all the UV SUSY-breaking parameters gives an estimate of the
value of F/Mmess, where F is the scale of SUSY-breaking felt by the messenger sector.
The gravitino mass obtained from super-Higgs mechanism [41] is proportional to the
SUSY-breaking scale F0 of the complete hidden sector that may differ from F depending
on how SUSY-breaking is communicated to the messenger sector. In order to parametrize
this model dependent effect we define the coefficient k˜ = F/F0. In direct mediation
scenarios k˜ would be typically of order 1, whereas we can get k˜  1 in scenarios where
the SUSY-breaking effects are induced in the messenger sector through loop corrections.
In the following we will always take k˜ = 1 for simplicity, but the possibility of varying
this parameter should always be kept in mind. This completes the definition of the UV
parameter space we scan over.
The low-energy sparticle spectrum generated on the EGGM parameter space has to
satisfy different constraints. First of all, SoftSUSY 3.3.4 ensures that the low-energy
spectrum leads to a viable EWSB in the MSSM. The existence of a stable EWSB vacuum
gives us two relations between the Higgs sector parameters
m2Z
2
= −|µ|2 − (m
2
Hu
+ δm2u + Σu) tan
2 β − (m2Hd + δm2d + Σd)
tan2 β − 1 , (9)
2 tan β
1 + tan2 β
=
2Bµ
2|µ|2 +m2Hu + δm2u + Σu +m2Hd + δm2d + Σd
=
2Bµ
m2A
> 1 . (10)
Σu and Σd in the above formulas encode the radiative corrections to the masses of Hu and
Hd induced by gauge interactions and top or bottom Yukawa interactions respectively. For
a given value of tan β, the Bµ parameter can be always expressed in terms of the CP-odd
neutral scalar mass mA using (10). We will see in the following how the constraints (9) and
(10), which are distinctive features of the MSSM, will play a crucial role in determining
some properties of the spectrum.
We then impose the experimental constraints, starting by setting the mass of the
lightest Higgs boson to be at 125 GeV. In SoftSUSY 3.3.4 the Higgs mass is computed at
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full one loop order plus zero-momentum two loop corrections in αs, yt, yb, yτ . Taking into
account possible uncertainties in this computation we allow for the range
123 GeV ≤ mh ≤ 127 GeV . (11)
In [14] was shown how the Higgs mass constraint might have strong consequences on
the models of gauge mediation with vanishing A-terms. The main point is that, within
the MSSM, the Higgs mass is bounded from above at the tree-level and at 1-loop receives
contributions which depend logarithmically on the stop masses and polynomially in their
mixing [42]:
m2h (1-loop) = m
2
Z
(
1− tan2 β
1 + tan2 β
)2
+
3m4t
4pi2v2
(
log
(
M2S
m2t
)
+
X2t
M2S
(
1− X
2
t
12M2S
))
, (12)
where MS =
√
mt˜1mt˜2 , Xt = At −
µ
tan β
, (13)
where the top mass is fixed at mt = 173.5 GeV and v = 2mW/g2 ' 174.1 GeV.
A Higgs around 125 GeV is well above the MSSM tree-level upper bound of 91 GeV so
that imposing the Higgs constraint would generically induce multi-TeV stop masses. The
only possibility to avoid this scenario without modifying the MSSM is to maximize the Xt
contribution approaching the maximal mixing scenario where |Xt/MS| ' 2. However, it
has been shown in [43] that obtaining the maximal mixing scenario is particularly difficult
in the EGGM parameter space in which the A-terms are zero at the UV scale.
We focus our analysis on the µ > 0 case for being in the favorable situation to get large
Xt, since the At-term generated along the flow (always negative in the notations of [40])
sums up with the µ contribution. In our top-down scan it will become quantitatively
more clear how requiring a Higgs mass around 125 GeV puts severe constraints on the
UV parameter space, reducing the regions with interesting phenomenology for colliders.
In order to restrict our attention to the region of the parameter space which is relevant
for collider searches, we set an upper bound of 10 TeV on all the sparticle masses. This
bound is large enough to include all the interesting spectra for collider physics and, at the
same time, it excludes the possibility of having spectra with large mass splitting which
can be difficult to simulate with SoftSUSY 3.3.4.
The choice of an upper bound of 10 TeV on all the sparticle masses give also an
indication of the maximum amount of tuning that we are allowing in our scenarios. The
issue of giving a precise quantitative estimate of the fine-tuning in supersymmetric theories
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[44, 45] and more specifically in the context of gauge mediated SUSY-breaking theories
[7, 46–48] has been extensively discussed in the literature and we refer to that for more
details on the subject.
Since we are assuming the MSSM as low energy theory, a Higgs mass within the
allowed window (11) and a solution for the EWSB conditions (9) and (10) would be
always achieved as the consequence of a certain amount of tuning of the UV parameters.
Moreover, assuming GGM with zero A-terms as an UV completion, we are excluding the
possibility of reaching the maximal mixing scenario in which the level of fine-tuning would
be reduced to some extent [33].
The approach of our study follows more the spirit of [38], considering the fact that we
are dropping the issue of naturalness in order to realize in a simple way other attractive
features of the supersymmetric extensions of the Standard Model. In particular, we
allow for a sizeable fine-tuning in the Higgs potential in order to have a fully calculable
parameter space (EGGM) as an UV completion which can explain the origin of all the
soft terms in the MSSM and their flavor universality.
Implementing stringent constraints from direct searches in a global top-down scan of
the EGGM parameter space can be very subtle, since the lower bounds on the sparticles
masses from collider searches are very much dependent on the analysis, on the complete
structure of the spectrum, and on the decay length of the NLSP. Moreover, we will see
that in a large portion of the parameter space the constraints from direct searches are
still not competitive with the much stringent Higgs constraint (11), which is independent
from the details of the spectrum4.
For both these reasons we will be very conservative on the lower mass bounds on the
uncolored particles at the level of the simulation, implementing only the bounds from
direct searches at Tevatron and LEP already used in [5, 7] which are summarize in the
Table 1. With regard to the colored superpartners, the bounds we implement at the level
simulation are not updated to the current bounds from LHC searches: mg˜ ≥ 51 GeV [52],
mt˜ ≥ 92.6 ,mb˜ ≥ 89,mu˜,d˜,s˜,c˜ ≥ 97 GeV [53,54]. The reason for this choice is that we want
to highlight how assuming an Higgs mass around 125 GeV already significantly constrains
the colored spectrum in gauge mediation. We will then comment case by case on how the
4This is in line with the analysis of the CGGM case [10] in which the LEP bound on the Higgs mass [49]
was shown to be more constraining than the ATLAS and CMS direct searches on 1/fb of data [50,51] in
a large portion of the parameter spcae.
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Superpartner Lower Bound Source
Neutralinos mN˜ ≥ 46 GeV [55]
Charginos mC˜ ≥ 45 GeV [56]
Sleptons mτ˜ ≥ 68 , me˜,µ˜ ≥ 85 GeV [57,58]
Sneutrinos mν˜ ≥ 51 GeV [59]
Table 1: Lower bounds on uncolored sparticle masses implemented in the simulation.
parameter space of EGGM will be further restricted by LHC direct searches focusing on
the relevant processes for each region of the parameter space [11]. A more quantitatively
precise analysis of the consequences of LHC direct searches on the EGGM parameter space
would require a MonteCarlo simulation of signal events and a direct implementation of
the experimental cuts similar to what was done for the CGGM parameter space in [9].
This analysis would be essential in order to identify GGM benchmark points with a Higgs
at 125 GeV and we leave it for future works.
We also require the generated spectra to satisfy the constraints coming from flavour
physics. An appealing feature which is characterizing all the gauge mediated models is to
predict nearly exact flavor invariance of the soft terms. However, precision measurement
of B-observables are particularly sensible to the exchange of new particles and some
of these effects can even be enhanced in the large tan β regime. For this reason, the
experimental constraints on the rare branching ratios BR(Bs → µ+µ−), BR(B → Xsγ)
and BR(B± → τ±ντ ) lead to strong lower bounds on MSSM sparticle masses.
We use SuperIso v3.3 [60] to calculate all the flavor observables which are listed in the
Table 2. We take the constraints on the flavor observables from the updated version of
the SuperIso manual imposing either the combined experimental value or the 95% C.L.
bound depending on the sensitivity of our setup to the specific flavor observable.
This concludes the set of all the constraints that we will impose through our study.
Although we perform the scan over the complete parameter space (6), we often restrict
to two dimensional slices in order to present the results in useful plots. In particular we
will often fix Mmess and tan β to the values (10
7 GeV, 1013 GeV) and (10 ± 5, 35 ± 5)
respectively. The two choices of Mmess correspond to short and long RG running, whereas
the choices of tan β correspond to moderate-small (compatible with the large Higgs mass)
and large tan β scenarios.
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Observable Constraint Source
BR(B → Xsγ) 2.16× 10−4 ≤ BR(B → Xsγ) ≤ 4.93× 10−4 95% C.L. [60,61]
∆0(B → K∗γ) −1.7× 10−2 ≤ ∆0(B → K∗γ) ≤ 8.9× 10−2 95% C.L. [60,62,63]
BR(Bs → µ+µ−) BR(Bs → µ+µ− ≤ 4.5× 10−9) combined exp. [64]
BR(Bu → τντ ) 0.71× 10−4 ≤ BR(Bu → τντ ) ≤ 2.57× 10−4 95% C.L. [60,65]
R(Bu → τντ ) 0.56 ≤ R(Bu → τντ ) ≤ 2.7 95% C.L. [60,65]
BR(B → D0τντ ) 4.5× 10−3 ≤ BR(B → D0τντ ) ≤ 12.7× 10−3 combined exp. [65]
ξDlν 0.247 ≤ ξDlν ≤ 0.585 combined exp. [65]
BR(K→µν)
BR(pi→µν) 0.6257 ≤ BR(K→µν)BR(pi→µν) ≤ 0.6459 95% C.L. [60,66]
Rµ23 0.992 ≤ Rµ23 ≤ 1.006 combined exp. [66]
Table 2: Constraints on flavour observables
For every sub-case we will discuss the physical features that are the basics to perform
a more detailed phenomenological and LHC-oriented analysis:
• The restriction imposed by the Higgs bound (11) on the parameter space ;
• The allowed NLSP cases ;
• The gluino, stop, and first generation squarks masses ;
• The allowed mass range for each NLSP case ;
• The nature of the NNLSP and the mass splitting with the NLSP ;
• The decay length of the NLSP (promptly decaying or long-lived) .
More details on the low-energy spectra will be discussed case by case when needed.
In gauge mediated theories, the decay of the NLSP is always a two body decay to its
standard model partner and the gravitino LSP. The decay rate can be computed from the
effective action for the gravitino (see for instance [3,42]) and it is given approximately by
Γ(x˜→ xG) = k˜
2m5x˜
16piF 2
' m
5
x˜
16pi(
√
3MPlanckm3/2)2
, (14)
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where we neglected numerical factors due to possible NLSP mixing5. We can rewrite this
as a function of the gravitino mass using the estimate (8). The decay length in meters
results then
L =
(
100 GeV
mNSLP
)5(√3MPlanckm3/2
(100 TeV)2
)2
10−4 m (15)
and it will be used to discriminate between NLSP decaying inside or outside the detector.
Substituting the estimate for the gravitino mass (8) we see that L is proportional to M2mess
which, therefore, controls the decay length of the NLSP in gauge mediation.
We conclude this section with a remark about cosmology. In our analysis we did not
put any constraint related to the nature of dark matter and its abundance. In most of
the region of the parameter space the LSP (the gravitino) cannot be the dark matter,
typically being too heavy.
A strong bound on heavy stable gravitino comes from its contribution to the present
energy density of the Universe. In the absence of a mechanism of dilution, the gravitino
mass cannot be too large in order to avoid the overclosure of the Universe [67,68]. In the
short running case with Mmess = 10
6 GeV we have k˜m3/2 ' KeV that it is just at the
edge of the cosmological upper bound on the gravitino mass, whereas in the long running
case with Mmess = 10
13 GeV k˜m3/2 ' GeV. In both cases we have to assume that some
mechanism is at work in order to dilute the gravitino abundance at early time, and also
that a proper dark matter candidate can be identified within the particles of the hidden
sector [69].
From (15) we see that for very large Mmess the NLSP can become very long lived,
eventually interfering with nucleosynthesis products [70]. The damaging effects of NLSP
decay products on nucleosynthesis depend on the precise calculation of the NLSP abun-
dance at the time of freeze out which requires a full knowledge of the spectrum. However
for L & 3× 1012 m a fairly generic bound on Mmess can be derived considering the effects
of NLSP decay into hadronic jets during nuclesynthesis which would induce 7Li overpro-
duction. Choosing Mmess = 10
13 GeV could be at the border of the allowed region for
most of the NLSP choices [70], however this problem can be easily overcome by lowering
the value of Mmess without changing our main results.
5This factors are particularly important for NLSPs like the neutralino N˜1 which can have different
decay channel depending their dominant components.
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3 Constrained General Gauge Mediation
We begin the analysis of the parameter space of EGGM by studying the simplest situation,
that is the Constrained General Gauge Mediation (CGGM) case in which we have one
scale for the gaugino masses and one scale for the scalar masses. This scenario arises
naturally in hidden sectors with a GUT-complete structure which can realize gauge and
mass unification in a simple way. Assuming Λ2S > 0 we ignore the possibility of having
tachyonic sleptons and squarks in the UV theory so that we have
ΛGi = ΛG ΛSi = ΛS i = 1, 2, 3 Λ
2
S > 0 . (16)
This case has been extensively studied in the papers [7–10], in the case of vanishing
Bµ term at the messenger scale. We repeat here the analysis allowing for generic values of
Bµ, focusing on the consequences of a 125 GeV Higgs mass on this simplified scenario. We
use this case to check the validity of our software and as a guideline to analyze situations
with more free parameters.
We have scanned over the entire parameter space, including Mmess and tan β. The
range of tan β gets restricted to 5.3 ≤ tan β ≤ 65 independently of any other parame-
ter. The absolute lower bound for tan β is determined by the Higgs mass constraint in
agreement with [14], while the upper bound follows from requiring the stau squared mass
matrix to be always positive definite at the electroweak scale. The no-tachyon condition
in the messenger sector and the Higgs bound set a lower bound for Mmess which is roughly
Mmess ≥ 106 GeV.
In order to show the results, we fix the values for Mmess and tan β, as explained in the
previous section. The generic dependence of the sparticle spectrum on these parameters
can be easily inferred by analyzing the four distinct cases we present. For each one we
will show several plots in the ΛG ΛS plane.
The parameters ΛG and ΛS determine the overall scale of the gaugino and of the
scalar masses at the messenger scale. Their ratio can be related to a particular class
of gauge mediated models in the UV. When ΛG  ΛS the scenario is the so-called
gaugino mediation which can be explicitly realized in messenger models using a large
number of messengers [71], or in quiver-like construction as in [72, 73]. In this scenario
the gauginos are much heavier than the scalars at the mediation scale. Along the RG
flow, the gaugino induce positive squared masses to the scalars via one loop quantum
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corrections. Depending on the length of the RG flow (so on Mmess) the spectrum at the
EW scale can be still hierarchical, with gauginos heavier than scalars, or quite democratic.
When ΛG  ΛS the scenario is the so-called gaugino screening, which can be realized
in direct mediation models if an approximate R-symmetry is present at the mediation
scale [74], or if the gaugino masses are suppressed by further loop factors with respect to
the scalar masses in semi-direct mediation models [75]. The result is that the gauginos
are lighter in this scenario, independently on the RG flow length.
Finally, in the region where ΛG ' ΛS, the resulting phenomenology is essentially the
one of Minimal Gauge Mediation. The Minimal Gauge Mediation scenario [71], with one
pair of vector-like messenger in the 5 + 5¯ of SU(5) which is coupled to a spurion field
X = Mmess + θ
2F , coincides with our CGGM with ΛG = ΛS only in the case in which the
SUSY-breaking scale
√
F is much smaller than M . When
√
F . Mmess there are higher
order corrections in the MGM model which typically enhance the gaugino masses [76].
This situation is included in our full scan, being eventually mimicked by slight deviations
from the relation ΛG = ΛS.
In Figure 1 we show the plots in logarithmic scale in the (ΛG,ΛS) plane for fixed values
of Mmess = 10
7, 1013 GeV and tan β = 10, 35 ± 5. The dark grey region corresponds to
points where SoftSUSY did not converge. In the light grey region, SoftSUSY computes
the spectrum but it does not satisfy the constraints that we described in the previous
section. The light grey region in the bottom left corner of the plots is due to collider and
flavor observables constraints, the tiny light grey band in the upper part of our plots is
due to the upper bound of 10 TeV on the squark masses, while the light grey band in
the right part of our plots is due to the upper bound of 10 TeV on the gluino mass. The
white region is excluded because it does not satisfy the Higgs mass constraint. Finally,
the blue and green regions are the allowed ones compatible with all the constraints.
Blue corresponds to stau NLSP, whereas green corresponds to neutralino NLSP. As
can be expected, the stau is the NLSP in the region of gaugino mediation, whereas the
neutralino is the NLSP when there is gaugino screening. In the intermediate region, where
ΛG ' ΛS, both stau and neutralino can be the NLSP, depending on the length of the RG
flow and on tan β.
The black, red, dashed-red contour plots identify the gluino, lightest stop, first gener-
ation squark masses respectively. The 125 GeV Higgs is obtained through a heavy stop,
essentially always above 3 TeV. The shape of the allowed region is slightly dependent on
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Figure 1: Logarithmic plot in the ΛG,ΛS plane. Explanations of the colors is in the text. The black,
red, dashed-red contour plots identify the gluino, lightest stop, first generation masses respectively. The
scales of the contours are 500 GeV, (1, 2, 5) TeV for the gluino and (1.5, 3, 5) TeV for the stop and for
the first generation squarks.
the messenger mass and basically independent on tan β. For tan β > 5.3 the tree level
upper bound on the Higgs mass is already saturated as can be seen from (12). As a
consequence the parameter space is only slightly enlarged for large tan β. A more im-
portant role is played by Mmess, a large value of which helps to satisfy the Higgs mass
bound by generating along the flow larger squark masses and sizable A-terms through
loop corrections controlled by the gluino mass. As a consequence, the allowed region for
the parameters ΛG,ΛS gets larger for large Mmess and the stop mass can be smaller to
some extent.
The stop is always the lightest of the squarks, and the first generation squarks are as
17
a result very heavy in the region of the parameter space compatible with the Higgs mass
constraint. A large mass for the squarks is obtained or via a large UV value of the ΛS
parameter or induced by a large gluino mass through gaugino mediation. This explains
the shape of the contours for the stop and for the first generation squark masses.
The gluino is not directly related to the Higgs mass, and it can be light, provided
ΛS is large enough. In the region of neutralino NLSP, the gluino is the lightest of the
colored sparticles, and it is relevant for LHC phenomenology. In the region of stau NLSP,
all the colored sparticles are very heavy, essentially decoupled for what concerns collider
phenomenology.
Figure 2: Logarithmic plot in the ΛG,ΛS plane. The gradient indicates the Higgs mass on the allowed
region. The red, dashed red and dashed black contours indicates MS , µ and At respectively. The scales
of the contours are (0.5, 1, 5) TeV for MS , (0.5, 1, 2) TeV for µ, and (−0.2,−1,−2,−3) TeV for At and
also −4 TeV in the second row.
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In figure 2 we show the value of the Higgs mass and the physical quantity entering in
the one loop formula (12). The contours display the values of µ,At,MS. A negative At
term is generated along the RG flow by the gluino mass, explaining why it increases with
increasing ΛG. Moreover, for large Mmess, the induced At term can be quite large thus the
allowed region extends to smaller values for the average stop mass MS, corresponding to a
lightest stop mass eigenvalue around 3 TeV. However, since the gluino mass also induces
squark masses at 1-loop, we cannot reach scenarios of maximal mixing ratio Xt
Ms
' 2 [43]
which is the relevant quantity in the 1-loop formula of the Higgs mass (12). The heavy
Higgs mass is thus obtained predominantly through a large value of MS, explaining the
shape of the allowed region.
The µ parameter is also quite large, indicating a fine-tuning in the minimization of the
Higgs potential. This feature is easy to understand by expanding the EWSB condition
(9) for large tan β:
m2Z
2
' −|µ|2 − (m2Hu + Σu) +O
(
Σu − Σd
tan2 β
)
. (17)
At low energies m2Hu + Σu becomes large and negative because Σu is dominated by the
negative contribution from top Yukawa interactions which are proportional to m2
t˜
. This
effect induces a µ  mZ , essentially |µ| '
√
−(m2Hu + Σu). In the gaugino screening
region the positive value of µ arises from the compensation of the large positive contri-
butions to m2Hu proportional to Λ
2
S and the large negative contributions to Σu driven by
the large value of the stop mass squared, controlled again by Λ2S. This mechanism is
essentially independent on Mmess and ΛG. Conversely, in the gaugino mediation region,
the masses of the up-Higgs and of the stop are generated by gaugino 1-loop effects, which
are proportional to the Wino mass and the gluino mass respectively. For Mmess = 10
7
the only scenario which satisfies the Higgs mass constraint is the one in which the gluino
mass reaches the upper bound mg˜ = 10 TeV and sets up the maximal value for the stop
mass around 5 TeV which gives the lower bound µ ≥ 2 TeV. For Mmess = 1013 GeV we
get viable scenarios with a lighter stop mass around 3 TeV, but this effect is compensated
by the fact that top-Yukawa contribution in Σu is enhanced by log(
Mmess
mt˜
) and the µ lower
bound results again around 2 TeV.
A large µ term induces large masses for all the Higgsinos which are always above 2 TeV
in the allowed parameter space. Similarly, the heavy Higgses H0, A0, H± result always
above 2 TeV, being decoupled from the IR physics even for quite large tan β.
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Figure 3: Logarithmic plot for the NNLSP in the ΛG,ΛS plane. The NNLSP colors are light green
for the second lightest neutralino, blue for the stau, pale blue for the smuon, and green for the lightest
neutralino.
In figure 3 we show the NNLSP species and in figure 4 the mass difference between
the NNLSP and the NLSP, with contours for the values of the NLSP mass, i.e. stau and
neutralino.
In the gaugino mediation region, the stau mass is dominated by gaugino mediation
contribution as can be observed by the shape of the contours and it varies from 460 GeV
to 1.5 TeV for long running and from and from 480 GeV to 800 GeV for short running. In
the long-running cases, with Mmess = 10
13 GeV, the gaugino mediation region gets larger
and extends to smaller values of ΛG, since the Higgs mass bound is more easily satisfied.
As a consequence, we can have lighter stau masses with respect to the short-running cases.
At the same time, a larger values of tan β maximize the off diagonal contribution in the
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Figure 4: Logarithmic plot in the ΛG,ΛS plane. The gradient represents the mass difference mNNLSP−
mNLSP. The solid and dashed contours identify the NLSP masses, stau and neutralino respectively. The
scales of the contours are (100, 500) GeV and (1, 2) TeV for the neutralino, and (200, 500) GeV and (1, 2)
TeV for the stau.
stau mass matrix, making even smaller the lightest mass eigenvalue τ˜1. Thus the scenario
with the lightest allowed stau NLSP (around 460 GeV) is realized in the Mmess = 10
13,
tan β = 35± 5 case. Observe that the dependence on tan β of the stau mass explains why
its contours have small fluctuations in our plots, in which tan β can vary within a range.
In the stau NLSP region with small tan β, the typical scenario with co-slepton NLSP
is realized, specifically the right-handed smuon is the NNLSP with the selectron almost
degenerate. The mass splitting between the selectron and the smuon is always negligible,
while the splitting between the third and the first two generations depends mostly on
tan β and can be more than 50 GeV for tan β = 35± 5, opening the possibility of having
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three-body decays through virtual neutralinos l˜R → τ˜1τ l 6 [77].
The lightest neutralino mass eigenvalue mN˜1
7 is mostly Bino in all the allowed param-
eter space since µ & Mλ˜1 and it varies between 50 GeV and few TeV being substantially
determined by the value of ΛG at Mmess. In the neutralino NLSP case, the most common
NNLSP is the neutral Wino which can also be very light in the gaugino screening region
where µ &Mλ˜2 . For values of ΛG ' ΛS ' 106 GeV we are in the transition region between
stau and neutralino NLSP in which, however, the NLSP mass is quite large, being around
the TeV scale.
As discussed in section 2, the LSP in gauge mediation is always the gravitino, and
the NLSP is unstable and decays to its superpartner plus gravitino. This decay can
happen inside or outside the detector, characterizing the collider signatures, and it is hence
essential for comparison with LHC direct searches. In figure 5 we show the decay length
of the NLSP in meters, computed using equation (15). For large messenger mass Mmess =
1013 GeV, the NLSP always decays outside the detector, while for small messenger mass
Mmess = 10
7 GeV, the NLSP can decay inside or outside the detector depending on the
value of the UV parameters ΛG,ΛS. As we can see from the plots in Figure 5, in the
short running case with Mmess = 10
7 GeV the stau is always promptly decaying, while
the neutralino decay can be prompt for mN˜1 & 500 GeV or displaced for mN˜1 . 500 GeV.
In general, LHC direct searches can drastically reduce the allowed parameter region,
since the bound from direct searches summarized in Table 1 are very mild. In principle a
dedicated analysis is needed in order to show the effects of LHC searches on the parameter
space. However, after imposing the Higgs mass constraint, the spectra that we get in
CGGM parameter space are so simplified that we can already make some qualitative
statement about the possible consequences of direct searches constraints.
For short running, in the gaugino mediation region with stau NLSP, every colored
particle is heavier than 5 TeV because of the Higgs bound, and hence decoupled from
the IR dynamics. Moreover, the Wino mass is heavier than 2 TeV and the stau always
around 500 GeV. Hence, both colored and electroweak production are very suppressed
and this region will be very difficult to probe at LHC even at 14 TeV with O(100/fb) [11].
In the long running case the stau decay length is around 109 m which would imply a
6With the label l = e, µ we will often indicate the first two families which we can consider always
degenerate in gauge mediation.
7In the following we are going to follow the SoftSUSY convention for the neutralino and chargino mass
eigenvalues [40], ordering them from the lightest to the heaviest.
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Figure 5: Logarithmic plot in the ΛG,ΛS plane. The gradient indicates the decay length of the two
body NLSP decay into gravitino plus NLSP partner. Different regions have different NLSP type, and the
decay length is computed accordingly.
life-time well below 104 s. The stau and the gauginos get slightly lighter increasing Mmess
but still the colored and electroweak production at LHC are very suppressed by the fact
that mg˜ & 4 TeV, mC˜1 & 1.5 TeV and mτ˜ & 460 GeV.
Conversely, in the gaugino screening region for ΛG . 0.1ΛS, we have a potentially
interesting region for collider signatures in which mg˜ . 2 TeV, mC˜1 . 600 GeV and we
get the Bino NLSP with mN˜1 . 400 GeV and the neutral Wino NNLSP . All the scalar
spectrum is at the multi-TeV scale making this scenario very close to Split SUSY spectra
with minimal splitting [37–39].
In the long running case with Mmess = 10
13 we can have a very light Bino NLSP with
mN˜1 . 100 GeV and a decay length of 1016 m which is already ruled out by nucleosynthesis
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bounds on 7Li overproduction [70]. This problem can be easily solved by reducing the
value of Mmess. Taking Mmess = 10
7 GeV, we have, automatically, a simplified spectrum
for neutralino NLSP which can be produced via gluino decay or neutralino NNLSP/
chargino decay. The neutralino NLSP decays into a photon and a gravitino with a decay
length larger than O(1) m. The displaced decay of the neutralino can lead to particularly
interesting signatures with high transverse momentum isolated photon not be pointing
to the interaction point which were studied in [78–80]. Recent CMS searches [81] restrict
the neutralino mass to values mN˜1 & 200 GeV for decay length around the meter possibly
reducing the allowed region for Mmess = 10
7 GeV.
Lowering Mmess down to its lower bound it is possible to obtain a region in which the
neutralino NLSP is light and promptly decaying. In this case the allowed region can be
further reduced by considering the LHC bounds on neutralino NLSP scenario given by
CMS searches of γγ+jet+MET and γ+jets+MET [82,83], ATLAS γγ+MET [84]. The
analysis performed in [11] based on 1/fb data already pushes the gluino mass at around
900 GeV for a neutralino lighter than 900 GeV and the Wino mass around 400 GeV for
a neutralino lighter than 350 GeV.
4 Extra Higgs soft terms
In the previous cases we have followed the usual strategy of considering tan β as a free
parameter, obtaining the values of µ and Bµ by demanding EWSB with the correct gauge
boson masses. The soft parameters m2Hu and m
2
Hd
were fixed to their gauge mediation
contribution which coincides with the slepton doublet soft masses (3).
However, as discussed in the introduction, in order to explain the generation of µ and
Bµ in gauge mediation, we should typically admit direct couplings of the Higgses of the
MSSM with hidden sector operators. From a model building perspective, the kind of
extra-interactions that we want to take into account can be parametrized as
W =
∫
d2θ(λuHuOd + λdHdOu) . (18)
These couplings always generate extra contributions to the Higgs soft masses δm2u,d at
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1-loop8
δm2u,d =
|λu,d|2
(4pi)2
Λ2Hd,u , (19)
where the scales ΛHd,u parametrize the contributions coming from the two-point function of
the F-component of the hidden sector operators Od,u [20,21]. We have modified SoftSUSY
3.3.4 to accept these two extra UV parameters setting the new contributions to the Higgs
soft masses at the messenger scale like in (4). A priori, the mediation scale for these SUSY
breaking effects would be unrelated with the one characterizing the GGM contributions
but we assume them equal for simplicity.
If we want to preserve the calculability of the GGM framework we should impose a
perturbativity bound on λu,d which can be estimated in terms of our UV-parameters as
|λu,d|2 = k1g
4
1(Mmess) + 3g
4
2(Mmess)
2(4pi)2
(
Λ2S
Λ2Hd,u
)(
δm2u,d(Mmess)
m2
E˜L
(Mmess)
)
. 1 . (20)
Assuming ΛS ' ΛHd,u and parametrizing with cH the O(1) numerical factor coming from
the estimate of the numerator in the two-loop factor we get
δm2u,d(Mmess) . cH(4pi)2m2E˜L(Mmess) . (21)
We implement the perturbativity bound in our simulations by replacing m2
E˜L
(Mmess) with
m2
E˜L
(Q), where Q 'MS is the renormalization scale above mZ implemented in SoftSUSY
3.3.4 [40]. Replacing m2
E˜L
(Mmess) with m
2
E˜L
(Q) can be a very bad estimate of the mass
value of the left-handed sleptons, especially in the gaugino mediation region where the
slepton masses receive large positive contributions from EW-gauginos. Moreover, we are
neglecting the RG evolution of the Yukawa couplings λu,d which typically depends also on
the details of the hidden sector dynamics. In order to take into account all these issues
we will discuss the dependence of our results on the choice of the coefficient cH that we
let vary from 4 to 1/100. To conclude this discussion we want to emphasize that the
assumption of perturbativity for the extra-interactions (18) is not strictly necessary from
the model building perspective and several models which admit non-perturbative effects
in the Higgs sector has already been proposed in the literature [19,85]. We will see in the
following how relaxing the hypothesis of perturbativity opens up new interesting regions
of the GGM parameter space that might deserve further investigations.
8We ignore the possibility of having extra interactions of the form W =
∫
d2θλ2sOsHuHd. This kind of
interactions are renormalizable only if Os is a fundamental field, leading to NMSSM-like scenarios which
are out of our setup.
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The main focus of our study would be to understand which are the possible effects of
the extra Higgs soft masses on the low-energy spectrum and to show what are the possible
viable spectra with an Higgs around 125 GeV.
In doing that, we assume a complete GUT structure for the hidden sector, restricting
our attention on regions of the parameter space in which δm2u and/or δm
2
d are dominant
or of the same order compared to the standard gauge mediation contributions. Unlike the
case of MPV DY -term contributions that will be discussed in section 5, here the GUT
hypothesis is not crucial (even if theoretically appealing) but it allows us to show in a
clear way the effects of having large Higgs soft masses which are leading to spectra with
very distinctive features with respect to the standard CGGM ones.
In the presence of extra Higgs soft masses, the EWSB condition has to be reconsidered
as suggested in [19,21]. Since the Higgs mass constraint (11) is imposing a lower bound on
tan β around 5 and also requiring a large value of the stop mass, we can always expand (9)
for large tan β and explicitly write Σu as the sum of the negative top-Yukawa contribution
to the up Higgs mass and the positive gaugino-mediation contributions proportional to
the chargino and the neutralino mass squared that we indicate as Ki(Mλ˜i) with i = 1, 2
following the notation of [42]. Considering that m2Z  |Σu| and neglecting terms of order
O
(
Σu−Σd
tan2 β
)
we get
|µ|2 ' −(m2Hu +
2∑
i=1
Ki(Mλ˜i)) +
3y2t
4pi2
m2t˜ log
(
Mmess
mt˜
)
− δm2u −
δm2u − δm2d
tan2 β
. (22)
In section 4.1 we will see that a particularly interesting spectrum can be obtained
when δm2u is large and positive because accidental cancellations in (22) may lead to an
exceptionally small value of µ. It is clear from (22) that δm2d would play a minor role
in this mechanism, since its leading contribution is suppressed by a factor of 1/ tan2 β
which is roughly of order O(1/100), because of the large value of tan β. Having a small
µ would mostly modify the hierarchy in the gaugino sector allowing for regions of the
parameter space with a light Higgsino NLSP first obtained in [19, 21]. An upper bound
on the magnitude of δm2u > 0 can be derived from the EWSB condition (22)
δm2u .
3y2t
4pi2
m2t˜ log
(
Mmess
mt˜
)
− (m2Hu +
2∑
i=1
Ki(Mλ˜i)) , (23)
since larger value of δm2u would destabilize the EWSB vacuum in the MSSM.
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The two major effects of the extra Higgs soft masses in the sfermion sector are due
to the violation of the Tr(Y m2) ' 0 sum rule and to the enhancement of the Yukawa
contributions to squark and slepton masses, as we will discuss in the following. The most
important phenomenological consequences of both these extra-terms would be visible in
the uncolored sector, since all the squarks would be generically heavy in all the parameter
space because of the Higgs mass constraint.
The Higgs extra-couplings violate the GGM sum rule already at 1-loop in the coupling
constants λu,d defined in (18) and we have Tr(Y m
2) = S with S = δm2u − δm2d. As a
consequence, we get an additional DY contribution to the RG flow equations of sfermion
masses at 1-loop in the gauge couplings:
∆
(
d
dt
m2
f˜
)
= 2k1
Yf˜g
2
1
(4pi)2
(δm2u − δm2d) . (24)
For S < 0 the left-handed sleptons are driven lighter than the right-handed ones opening
the possibility of having the sneutrino NLSP, while for S > 0 we can get lighter right-
handed sleptons with respect to the CGGM case.
Extra Higgs soft masses at the messenger scale would also generate a non standard
shift in the Yukawa contributions of squark and sleptons that may revert the usual hi-
erarchies between families. This contribution would be particularly important for the
third generation sleptons which have sufficiently sizeable Yukawa couplings and are not
constrained to be as heavy as the squarks. In particular
∆Xτ = 2|yτ |2δm2d (25)
induces extra 1-loop contributions to the running of the third generation sleptons masses:
∆′
(
d
dt
m2
l˜3L
)
=
1
(4pi)2
∆Xτ , ∆
′
(
d
dt
m2e˜3R
)
=
2
(4pi)2
∆Xτ . (26)
These contributions depend purely on δm2d which, therefore, will play a major role in
determining the physics of the sleptonic spectrum. For ∆Xτ > 0 the third generation
sleptons are driven lighter than the other ones, whereas for ∆Xτ < 0 we can realize an
inverted hierarchy in the sleptonic sector, where the third generation slepton masses are
driven larger than the first two generations.
Moreover, since the δm2d term in the EWSB condition (22) is suppressed in the large
tan β regime, it affects the EWSB condition less than δm2u and for this reason we found
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that a favorable situation to maximize the effects on the slepton sector is to take |δm2d| 
|δm2u|. In section 4.2 we will consider δm2d > 0 which implies S < 0 and opens the
possibility of having sneutrino NLSP with all the left-handed sleptons lighter than the
right-handed ones.
In section 4.3 we will take δm2d < 0 which implies S > 0 and ∆Xτ < 0. When the
δm2d contribution dominates over the standard gauge mediation ones, we are allowing for
tachyonic masses for Hd at the messenger scale. This choice would induce two striking
phenomenological features in the IR, allowing for regions with selectron NLSP in gauge
mediation and lowering the mass of the CP-odd and CP-even heavy scalars A0, H0, H±.
This second feature can be explained remembering that, in the large tan β regime, the
equation (10) implies
m2A0 ' 2(|µ|2 +m2Hu +
2∑
i=1
Ki(Mλ˜i))−
(
3y2t
4pi2
m2t˜ log
(
Mmess
mt˜
)
+ |δm2d|
)
& 0 , (27)
where we have already taken into account that the dominant top-Yukawa contribution in
Σu and the value of δm
2
d are negative. Clearly, a sizeable negative value for δm
2
d would
induce lighter masses for the heavy scalars and, consequently, an upper bound on |δm2d|
can be derived in this case by requiring non-tachyonic masses for A0.
The case of tachyonic δm2u has not shown any particularly interesting phenomenological
features and it will not be discussed. Moreover, we have to mention that allowing for
spectra with tachyonic Higgs soft masses and light sleptons would often imply the existence
of unbounded from below (UFB) directions or charge-and-color-breaking (CCB) minima
which may eventually destabilize the usual EWSB minimum [86, 87]. We leave a more
detailed study of this issue in the context of gauge mediation for future investigations,
assuming that the δm2d < 0 case is not affected by these problems and that the usual
EWSB vacuum is at least metastable and long-lived compared to the age of the Universe
[88] and also that the presence of CCB vacua does not affect the cosmological history [89].
As a final remark we notice that all the new features in the leptonic sector which are
driven by the extra Higgs soft terms arise in the gaugino mediation region in which the
gauge mediation contribution to the sfermion masses at the messenger scale are negligible.
Similar effects on the MSSM spectrum were discussed in [90–92] motivated by extra-
dimensional realizations of the gaugino-mediation mechanism. Here, we are showing that
this kind of spectra are eventually realized in the gauge mediation framework in terms
of a 2+1+3 dimensional parameter space. An interesting question would be to engineer
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calculable UV completions which can span over this enlarged parameter space. Conversely,
in the gaugino screening region, ΛS is restricted to be very large in order to achieve a
sufficiently large stop mass to satisfy the Higgs mass constraint and, since we are assuming
sfermion mass unification, this would imply that also the slepton masses will be always
decoupled from the IR-physics very much like in the CGGM case.
4.1 Large and positive δm2u: Higgsino NLSP
We consider the case in which δm2u is large and positive in order to obtain accidental
cancellations in (22) which would induce a very small value of µ. Scanning the whole
parameter space, we find a very narrow interval of values for δm2u for which µ is below the
TeV scale. This range of values satisfies the perturbativity bound (21) for a wide range
of choices for cH which can go from 4 to 1/5.
In agreement with the fact that δm2d contributions in (22) are suppressed for large
tan β, we do not find any correlation between the value of µ and δm2d which can be either
negative or positive, varying from −106 GeV2 up to 106 GeV2.
In order to maximize the effect of accidental cancellations without caring about mod-
ification of the slepton sector we take δm2u = δm
2
d = 6.3× 106 GeV2 so that S = 0 and we
do not have extra DY tadpoles (24) in the MSSM RG-flow equations. The only remaining
effect would be the enhancement of the Yukawa contributions to the third generation
sleptons (26) which make the stau lighter with respect to the CGGM case.
In Figure 6 we restrict our analysis to the case of tan β = 10 ± 5, where the effects
induced by Yukawa couplings are suppressed, and we show the plots for fixed value of
Mmess = 10
7, 1013 GeV. In the dark grey regions, where SoftSUSY did not converge, the
equation (22) does not admit solution with positive |µ|2 because the δm2u contribution
becomes too large compared to the other ones, destabilizing the EWSB vacuum. In the
short running case, this effect is completely cutting out the gaugino mediation region since
the stop contribution is not sufficiently large to compensate both the effects of δm2u and∑2
i=1 Ki(Mλ˜i).
From the plots in the second row of Figure 6 we see that the value of µ drastically
decreases with respect to the CGGM case. The most interesting region in this scenario
is the small band very close to the dark grey region, where µ . 1 TeV and the minimal
value of µ can approach 100 GeV in both the long running and the short running case.
In the short running region, the band with very small µ has always a neutralino as NLSP
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Figure 6: First row: Logarithmic plot in the ΛG,ΛS plane. Explanations of the colors is in the text. The
black, red, dashed-red contour plots identify the gluino, lightest stop, first generation masses respectively.
The scales of the contours for the gluino are 500 GeV, (1, 2, 5) TeV; for the stop are 6 TeV on the left
and also 4 TeV on the right; for the first generation squarks are 6 TeV and also 5 TeV on the right.
Second row: Logarithmic plot in the ΛG,ΛS plane. The gradient indicates the Higgs mass on the allowed
region. The red, dashed red and dashed black contours indicates MS , µ and At respectively. The scales
of the contours for MS are 6 TeV on the left and 5 TeV on the right; for µ are (1, 2, 3) TeV; for At are
(−0.2,−1,−2,−3) TeV on the left and also −4 TeV on the right.
(indicated in green) and it extends from the region where ΛG ' ΛS on the right up to the
gaugino screening region where ΛG  ΛS. Conversely, in the long running case we can
have small µ only in the gaugino mediation region where the stau is typically the NLSP
(indicated in blue).
Another relevant effect of having large and positive extra contributions to the Higgs
masses both from δm2u and δm
2
d is that the mass of the pseudoscalar A
0 increases consid-
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erably with respect to CGGM as was noticed in [21] being always more than 3 TeV in
our case.
Figure 7: Logarithmic plot for the NNLSP in the ΛG,ΛS plane. NNLSP colors are light green for the
second lightest neutralino, blue for the stau, green for the lightest neutralino pale blue for the smuon and
yellow for the lightest chargino.
In Figure 7 we see that the NNLSP species and the features of the gaugino spectrum are
very much dependent on how much µ can be small compared to the electroweak gaugino
masses Mλ˜1,2 , which are substantially determined by ΛG in gauge mediation (1). Using the
formulas for the neutralino and chargino mass eigenvalues derived in [93], we see that for
µMλ˜1,2 we get three almost degenerate neutralino/charginos with masses proportional
to µ at the bottom of the spectrum. In particular we have |mN˜1| ' |mN˜2| ' |mC˜1 | ' µ in
the limit in which we neglect all the effects coming from EWSB. The EWSB corrections
can always be treated as a perturbation in most of the allowed region, since Mλ˜1,2 are
sufficiently large. Hence, taking into account EWSB will not change much the gaugino
spectrum for µ  Mλ˜1,2 which is characterized by an neutral Higgsino NLSP with the
other neutral and charged Higgsino almost degenerate NNLSP and the Bino and the
Winos decoupled from the IR physics.
In the long running case, this kind of spectrum is a generic feature of the small µ
region since accidental cancellations occur for large values of ΛG. The typical spectrum
in the small µ region has stau NLSP around 600 GeV with Higgsino NNLSP almost
degenerate which corresponds to the green band in the gaugino mediation region of Figure
7. Lowering ΛG, we reach a region at the boundary of SoftSUSY convergence where the
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Higgsino becomes the NLSP as can be seen from the tiny green band in the first row of
Figure 6 which corresponds to a yellow band in Figure 7 signaling a charged Higgsino
NNLSP. In this region also the stau is very light. However, obtaining a good solution to
the EWSB condition so close to the boundary of instability is very sensitive to the precise
value of tan β.
In the short running case, we can have a region with small µ and small ΛG which has
the standard gaugino screening spectrum obtained in the CGGM case: the Bino is NLSP
and we have an almost degenerate neutral Wino NNLSP, a very light charged Wino and
a quite light gluino. Moreover the small µ in this region pushes down the mass of both
charged and neutral Higgsinos. The presence of light Higgsinos in the spectrum could in
principle modify the collider signatures of this scenario and make it distinguishable from
the CGGM case.
Increasing ΛG up to 10
5.8 GeV, we get µ  Mλ˜1,2 for both short and long running
so that the Bino and the Winos are decoupled and the masses of neutral and charged
Higgsinos can be arbitrarily light, varying quite rapidly from less than 100 GeV to 900
GeV in the interesting region. In this scenario all the colored sparticle are heavy and the
gluino is heavier than 3 TeV (5 TeV for short running) as a consequence of the GUT-
complete structure of the hidden sector. Consequently, the colored production channel is
very much suppressed and our scenario cannot be constrained with the existing ATLAS
and CMS searches for Z+jets+MET final states [94,95].
Because of the lightness of the Higgsinos, an interesting production channel for both
long and short running might be the Drell-Yan production of pairs mediated by an elec-
troweak gauge boson which was studied in [21]. In the long running case also a light
stau can eventually be produced in Drell-Yan processes enhancing the detectability of
this scenario with respect to the short running case where the stau are always hevier than
700 GeV.
In the end, even if the room for discovery at LHC is reduced and this scenario might
appear very fine-tuned, this example remains the simplest situation which satisfies the
Higgs mass constraint having a very small value of µ. Having worked out the basic
consequences of accidental cancellations in the EWSB condition will be very useful in the
following, where these features will indeed appear quite generically in different contexts.
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4.2 Large and positive δm2d: Sneutrino co-NLSP
We consider the case in which m2u = 0 and m
2
d is large and positive. This would imply
a sizeable negative contribution in the equation (24) which can make the left-handed
sleptons lighter than the right-handed ones.
Since the δm2d contributions to the EWSB condition are suppressed by O(1/ tan2 β)
the values of µ would remain unchanged with respect to the CGGM case being larger or
equal to 2 TeV.
In order to maximize the new effects on the spectrum and present our results in the
usual (ΛG,ΛS) plots, we fix δm
2
d ' 1.8 × 108 GeV2. In Figure 8 we show the plots for
fixed value of Mmess = 10
7, 1013 GeV and tan β = 10 ± 5, restricting our analysis to the
case of moderate values for tan β in which the mixing effects in the stau mass matrix are
not the dominant ones.
First of all, it is important to mention that our choice of δm2d is really at the border of
the allowed parameter space and it may imply the presence of strongly coupled effects in
the extra-interactions (18). In fact, we checked that most of the sneutrino NLSP points
would disappear requiring the perturbativity bound (21) to be satisfied with cH . 1.
Figure 8: Logarithmic plot in the ΛG,ΛS plane. Explanations of the colors is in the text. The black,
red, dashed-red contour plots identify the gluino, lightest stop, first generation masses respectively. The
scales of the contours are 500 GeV, (1, 2, 5) TeV for the gluino, 5 TeV for the stop and 6 TeV for the first
generation squarks.
The dark grey regions where SoftSUSY did not converge get enlarged with respect to
the CGGM case. In this region the sneutrino becomes tachyonic at the EW scale. In
33
the gaugino screening regime where ΛG . ΛS we get the usual green region of neutralino
NLSP. In this region all the scalars will be decoupled and the physics substantially un-
changed with respect to the CGGM case. For this reason we will not discuss this region
any further.
Conversely, in the gaugino mediation regime the light blue region of sneutrino NLSP is
replacing the typical region of stau NLSP of the CGGM case in almost all the parameter
space. A small blue area with stau NLSP appears in the short running case in the MGM
area in which ΛS gets larger and the usual gauge mediation contributions are the dominant
ones.
The appearance of sneutrino NLSP is a generic consequence of having the left-handed
sleptons lighter than the right-handed ones at low energy, since the mass splitting between
the left-handed sleptons is a model independent feature of the MSSM [42] essentially
proportional to the D-term contributions produced by the EWSB
m2e˜L −m2ν˜L '
(
1− 2
tan2 β
)
m2W . (28)
The possibility of realizing this scenario using extra Higgs soft masses in gauge media-
tion was previously investigated in [21]. Here we are seeing that the Higgs mass constraint
is pushing the region of sneutrino NLSP close to the non-perturbative regime for the extra
Higgs coupling which is out from the hypothesis of [21].
In the first row of Figure 9 we show the NNLSP species and in the second row we
give an idea of the structure of the spectrum plotting the mass difference between NLSP
and NNLSP and the contours for the two most common NLSP species which are the
neutralino and the sneutrino.
A very peculiar feature of this scenario is the large splitting between the third genera-
tion and the other two which is induced by large and positive extra-Yukawa contribution
in the RG-flow of the sleptons (26). As a consequence, the sneutrino NSLP is always the
tau-sneutrino ν˜τ and the lightest of the left-handed sleptons is the stau τ˜1 which is lighter
than the other left-handed slepton l˜L of around 200 GeV in the short running case and
between 150 and 500 GeV in the long running case.
Actually, the Yukawa contributions are enhanced so much that τ˜1 is driven lighter
than the sneutrinos of the first two generations ν˜l. In the short running case mν˜τ −mτ˜1 '
−3.4 GeV in all the gaugino mediation region, while the splitting mν˜τ − mν˜l decreases
increasing ΛG and goes from −200 GeV to −50 GeV. In the long running case the splitting
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Figure 9: First row: Logarithmic plot for the NNLSP in the ΛG,ΛS plane. NNLSP colors are light
green for the second lightest neutralino, blue for the stau, green for the lightest neutralino, pale blue for
the smuon and light blue for the sneutrino. Second row: Logarithmic plot in the ΛG,ΛS plane. The
gradient represents the mass difference mNNLSP − mNLSP. The solid and dashed contours identify the
NLSP masses, sneutrino and neutralino respectively. The scales of the contours are (100, 500) GeV and
(1, 2) TeV for the neutralino and for the sneutrino 900 GeV and 1.5 TeV.
between the tau-sneutrino and the stau increases to mν˜τ −mτ˜1 ' −5.7 GeV, whereas the
splitting mν˜τ −mν˜l goes from −150 to −15 increasing the value of ΛG.
The right-handed sleptons of the first two generation ml˜R are split from τ˜1 by more
than 600 GeV for short running and more than 1 TeV for long running, being completely
decoupled from the IR physics. The splitting can be slightly alleviated for the heavier
stau mass eigenvalues mτ˜2 which however is always decoupled as the other right-handed
sleptons in the region of smaller ΛG.
These spectra would be very interesting from the point of view of collider signature
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because the large splitting between left-handed and right-handed sleptons and the pres-
ence of a tau-sneutrino co-NLSP with the stau would favor the leptophilic signals at LHC
described in [96] where the right-handed sleptons are assumed not to participate in the
decay chain.
The feature of having the third generation slepton doublet much lighter that the other
two can be enhanced taking larger values for tan β and it is a generic consequence of
having large and positive δm2d which enhances the Yukawa contributions (26). This kind
of spectra would favor multi-τ final states at colliders which have been studied extensively
in the literature [97–101].
Unluckily, gaugino and sfermion mass unification at Mmess would imply relatively
heavy sneutrino NLSP, typically around 600 GeV in the short running case and 500 GeV
in the long running case. Moreover, the gaugino masses will be at the multi-TeV scale in
the gaugino mediation region. Both these effects suppress the colored and the electroweak
production of sleptons NLSP at LHC. However, we expect that these difficulties would
be easy to overcome without changing the main physical features of this scenario in the
full EGGM parameter space.
4.3 Large and negative δm2d: Selectron NLSP
We take into account the possibility of having δm2u = 0 and δm
2
d large and negative. As
discussed at the beginning of this section, this choice would lower the right-handed slepton
masses through S > 0 contributions and, at the same time, it would allow for an inverted
hierarchy among the sleptons by reversing the usual sign of the Yukawa contributions (26)
to the third generation sleptons.
The lightest slepton in the spectrum will be the one with the smallest Yukawa coupling
and we obtain a region with selectron and smuon co-NLSP in the gaugino mediation
region, the two being sufficiently split from the lightest stau eigenvalue which is driven
larger by sizeable Yukawa contributions (26) controlled by δm2d. This effect is an unusual
one in gauge mediation and it is enhanced in the large tan β regime.
For this reason in Figure 10 we focus on large tan β scenarios fixing tan β = 35 ± 5
for both Mmess = 10
7, 1013. We fix δm2d = −3.2× 106 GeV2 in order to present the usual
(ΛG,ΛS) plots.
Our choice of δm2d satisfies the perturbativity bound (21) and, in fact, we checked that
we can have regions of the parameter space with selectron NLSP in a wide range of choices
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for cH which can go from 4 to 1/5. However, we are not aware of any UV-complete setup
realizing this mechanism in the context of gauge mediation and it would be interesting to
address this question in terms of weakly coupled realization of the hidden sector.
Figure 10: Logarithmic plot in the ΛG,ΛS plane. Explanations of the colors is in the text. The black,
red, dashed-red contour plots identify the gluino, lightest stop, first generation masses respectively. The
scales of the contours are 500 GeV, (1, 2, 5) TeV for the gluino, 5 TeV for the stop and 6 TeV for the first
generation squarks.
The dark grey regions where SoftSUSY do not converge are due to the appearance of
tachyonic masses for A0, H0 and H±. The heavy scalars are generically driven lighter
because of the tachyonic extra contribution to the down Higgs as can be inferred from
(27). This effect can have dramatic consequences on the MSSM, leading to spectra which
do not satisfy the decoupling limit condition [102] and, eventually, to the instability of
the EWSB vacuum. Avoiding tachyonic masses for A0 and H0 give us an upper bound
for |δm2d| which results more constraining than the perturbativity bound (21). Our choice
of |δm2d| = 3.2×106 GeV2 is at the boundary of the allowed region and it has been chosen
in order to maximize the effects on the low energy slepton spectrum.
Like in section 4.2 the value of µ is substantially unchanged with respect to the CGGM
case, confirming the observation that the effects of δm2d on the EWSB condition (22) are
always suppressed in the large tan β regime. The squark spectrum is also unchanged with
respect to the CGGM case and hence decoupled from the low energy spectrum in the
whole parameter space.
In the gaugino screening region we have the usual green region with neutralino mostly
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Bino NLSP. No new features arise in this region which would be phenomenologically indis-
tinguishable from the corresponding CGGM region. Conversely, in the gaugino mediation
region we get a new dark blue region with selectron NLSP when the δm2d is dominating
over the usual gaugino mediation contributions. The heavy scalars are also quite light in
this region being, however, always heavier than 800 GeV in the short running case and
700 GeV in the long running case and, hence, ensuring the validity of the decoupling limit
condition [102]. Increasing ΛS, A
0 and H0 can even become lighter than the NLSP at
the border of the region of SoftSUSY convergence. In the long running case this effect
becomes more clear and we have indicated this effect with an orangish color.
In the first row of Figure 11 we display the NNLSP species and in the second row the
mass difference between the NNLSP and the NLSP with the contours for the values of
the two most frequent NLSP, which are the neutralino and the stau. The contours for the
stau mass value give an indication of the average scale in the leptonic sector.
In the short running case the right-handed selectron and the smuon can be co-NLSP,
being split from the stau by me˜,µ˜−mτ˜ ' −17 GeV. The splitting is substantially reduced
lowering the value of tan β and the stau will be again the lightest of the sleptons for
tan β = 10 ± 5. In the long running case the splitting between generations is enhanced
and we can get regions where me˜,µ˜ −mτ˜ ' −140 GeV.
In Figure 12 we give an estimate of the decay length for the NLSP two-body decay
into its superpartner and the gravitino using the formula (15). We see that in the short
running case a prompt decay of the selectron and smuon co-NLSP is allowed while in the
long running case the NLSP are always very long lived.
In the short running case would be interesting to study in more detail the collider
phenomenology of the region with selectron and smuon NLSP which may lead to very
clear multi-leptons signals at LHC which are already under considerations in both ATLAS
and CMS experiments [103–105].
In particular, since all the colored sparticle including the gluino are decoupled in
the gaugino mediation region, the most relevant processes would be the EW production
of gauginos, subsequently decaying into sleptons, or the direct production of sleptons
through neutral and charged electroweak currents which were studied in [106]. However,
the assumption of sfermion and gaugino mass unification is making both the electroweak
gauginos and the sleptonic spectrum quite heavy. In particular, in the short running case
the lightest NLSP mass is around 490 GeV with both the neutralino and the chargino
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Figure 11: First row: Logarithmic plot for the NNLSP in the ΛG,ΛS plane. NNLSP colors are light
green for the second lightest neutralino, blue for the stau, green for the lightest neutralino, pale blue for
the smuon, dark blue for the selectron, and orange for H0. Second row: Logarithmic plot in the ΛG,ΛS
plane. The gradient represents the mass difference mNNLSP − mNLSP. The solid and dashed contours
identify the NLSP masses, stau and neutralino respectively. The scales of the contours are (100, 500)
GeV and (1, 2) TeV for the neutralino and for the stau 600 GeV and 2 TeV.
around 1.8 TeV. As a consequence, both the cross sections for the production through
electroweak gauginos and for the direct slepton production would be very suppressed in
these scenarios.
The situation can be improved by relaxing the GUT assumption, and a careful study
of the possible collider signatures at LHC is needed to understand which part of the
parameter space would be sensible to LHC direct searches [107].
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Figure 12: Logarithmic plot in the ΛG,ΛS plane. The gradient indicates the decay length of the two
body NLSP decay into gravitino plus NLSP partner. Different regions have different NLSP type, and the
decay length is computed accordingly.
5 Messenger-Parity Violation
A complete parametrization of all the possible contributions arising from a generic model
of gauge mediation should take into account the possibility that a non-zero D-tadpole for
the U(1)Y is generated at the messenger scale [1]. This term gives extra contributions to
the sfermion masses, proportional to their hyper-charge, that can be parametrized with
an extra real parameter ΛD as in (5).
These effects are possibly dangerous because they typically arise at one loop and they
can make some sleptons tachyonic at the electroweak scale. For this reason, in the standard
definition of the GGM parameter space, one assumes a parity invariance of the hidden
sector, the so-called messenger parity, which set ΛD to zero at all orders in perturbation
theory.
However, it has been noticed in [30] that if the hidden sector realizes a complete
representation of a GUT gauge group, then the 1-loop contributions to the DY term are
zero because they are proportional to TrY in the hidden sector which is zero for the GUT
hypothesis.
This observation opens up the possibility of having messenger parity violating (MPV)
GUT-complete models which allow for less dangerous two-loop DY -tadpole contributions.
These new contributions are proportional to
∑
i TrYaq
2
ai
which is non-vanishing9 and they
9Here a is an index which runs over all the components of the messenger fields, i = 1, 2, 3 is an index
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have been first computed in a weakly coupled model of messengers in [30] and included
in the GGM framework in [31]. Working with messengers in the 5 or in the 10 of SU(5)
we can determine explicitly the group theoretical factor obtaining
δm2
f˜
(Mmess) = k1
g21(Mmess)
(4pi)2
Yf˜
(
5k1
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g21(Mmess)
(4pi)2
+
3
4
g22(Mmess)
(4pi)2
− 3
4
g23(Mmess)
(4pi)2
)
Λ2D . (29)
In the model presented in [30] the DY -tadpole contributions to the sfermion masses
(29) are always subleading with respect to the usual gauge mediation ones (2). However,
in [31] a weakly coupled model in which these contributions can be dominant with respect
to the gauge mediation ones has been constructed and, precisely in this context, it will
be interesting to study the phenomenological consequences of messenger parity violation
(MPV) on the soft spectrum at the electroweak scale. We have modified SoftSUSY 3.3.4
to accept (29) as extra contribution to the soft spectrum.
From the study of the CGGM case we know that, having assumed GUT completeness,
the parameter space is reduced by the Higgs mass constraint to two physically different
regions: the gaugino screening region (ΛS > ΛG) in which ΛS ' 106 GeV independently
on any other parameter in order to obtain a very heavy stop mass, and the gaugino
mediation region (ΛG > ΛS) in which 7 × 105 . ΛG . 1.5 × 106 GeV depending on the
value of Mmess, where the large stop mass is obtained via gluino 1-loop contributions.
The MPV contributions will not change this general picture because their effect on
the squark masses, and in particular on the up-type squarks, is suppressed with respect
to the one on the uncolored sparticles by a factor of order O(1/100).
However we will see how the MPV contributions can lead to very different spectra in
the leptonic sector with respect to the CGGM ones. In particular, we can have sizeable
effects on the slepton masses when ΛD & ΛS and ΛD & ΛG.
From the general expression (29) we see that the DY -tadpole contributes with opposite
sign to the right-handed and left-handed sleptons: with Λ2D > 0 we get a negative con-
tribution to the right-handed sleptons soft masses and a positive one to the left-handed
sleptons and viceversa for Λ2D < 0. Since the sign of the MPV contributions can be either
positive or negative on general grounds, we considered both the cases in our scan.
The case of positive Λ2D opens potentially interesting regions that have a very light stau
in the gaugino mediations region. In particular, taking Λ2D ≥ 1010 GeV2 we can lower the
associated to the gauge group under which the component a transforms and q2ai is the quadratic Casimir
for the representation to which the components a belong.
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stau mass to 250 GeV for short running and to 190 GeV for long running, leaving the rest
of the spectrum substantially unmodified with respect to the CGGM case. Hence, adding
DY -tadpole contributions in the hidden sector can be a useful way of lowering the mass
of right-handed sleptons in the gaugino mediation region without taking very large values
of tan β. However, these scenarios will be typically difficult to probe at LHC because the
gauginos will be as heavy as in the CGGM case, suppressing the stau production.
For this reason, we will not display the results for Λ2D > 0, focusing our attention to
the case of Λ2D < 0 where the left-handed sleptons are driven lighter and a new region
with sneutrino NLSP shows up in the low energy spectrum as already found in section
4.2.
The DY tadpoles contribute also to the Higgs soft masses generating extra terms for
the up and down Higgs with opposite sign that we can roughly estimate keeping only the
contribution proportional to g23 in (29)
δm2Hu = −δm2Hd ' −
9
40
g21g
2
3
(4pi)4
Λ2D . (30)
These two contributions cancel out in the EWSB condition (10) which depend only
on m2Hu + m
2
Hd
and, consequently, the masses of the heavy scalars A0, H0, H± would be
essentially unchanged with respect to the CGGM case.
Expanding the EWSB condition (9) for large tan β we find
|µ|2 ' −m2Hu + |Σu| −
(
2 + tan2 β
tan2 β
)
δm2Hu ≥ 0 . (31)
For Λ2D > 0 δm
2
Hu
is negative and it will be positive for Λ2D < 0. In the first case the
DY -tadpole contribution would sum up to the radiative contribution in |Σu| coming from
the top-Yukawa giving us a larger µ term with respect to the CGGM case. In the second
case, the DY -tadpole bring down the µ term with respect to CGGM without, however,
giving rise to accidental cancellations in the whole region which satisfies the Higgs mass
constraint.
As a final remark, we notice that the MPV contributions to the Higgs soft masses
induce also new effects on the RG equations of the sfermion masses which are very much
similar to the effects discussed in the previous section. On the one hand, the breaking of
the GGM sum-rule Tr(Y m2) ' 0 at the two-loop level generates an extra DY contribution
to the running of soft masses (24) proportional to S = 2δm2Hu . On the other hand, the
presence of extra Higgs soft masses induces extra-Yukawa contributions (26) proportional
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to ∆Xτ = −δm2Hu . For Λ2D < 0 we get S > 0 which gives a subleading contribution to the
slepton masses which counteracts the leading contribution (29) making the right-handed
sleptons lighter than the left-handed ones. This effect arises at 3-loop and thus is always
negligible, being further suppressed by an extra loop factor
g21
(4pi)2
. The extra Yukawa
contribution has ∆Xτ < 0 for Λ
2
D < 0 and it is suppressed by
y2τ
(4pi)2
. This effect drives
the sleptons of the first two generations slightly lighter than the third generation ones,
mitigating the splitting between different generations.
An interesting extension of this setup, which we leave for further investigations, will
be to consider the effect of 1-loop DY -tadpole arising in scenarios in which we do not
assume gaugino mass unification.
5.1 Large and negative Λ2D: Sneutrino co-NLSP
We consider the case of negative Λ2D in which the D-tadpole contributions lead to left-
handed sleptons lighter than the right-handed ones. From (28) we know that a generic
feature of this scenario is to have sneutrinos co-NLSP with the left-handed sleptons. In the
Figure 13: Logarithmic plot in the ΛG,ΛS plane. Explanations of the colors is in the text. The black,
red, dashed-red contour plots identify the gluino, lightest stop, first generation masses respectively. The
scales of the contours are 500 GeV, (1, 2, 5) TeV for the gluino, 5 TeV for the stop and also 4 TeV on the
right and 6 TeV for the first generation squarks and also 5 TeV on the right.
Figure 13 we show the plots for fixed values of Mmess = 10
7, 1013 and tan β = 10±5. We fix
tan β to moderate values because we want to minimize the mixing effects in the stau mass
matrix which would drive lighter one of the stau mass eigenvalues, making it less obvious
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to disentangle the D-term effects on the slepton spectrum. We fix Λ2D ' 3.16×1012 GeV2
in the short running case and Λ2D ' 1.78 × 1013 GeV2 in the long running case, putting
ourselves at the boundary of the allowed parameter space in order to maximize the D-
tadpole effects on the spectrum.
In the dark grey region where SoftSUSY did not converge the sneutrinos become
tachyonic destabilizing the EWSB vacuum. In the allowed region the value of µ is always
larger than 1.4 TeV in the short running case and 1.8 TeV in the long running case so
that we get values of µ slightly lighter than in the CGGM case without getting any acci-
dental cancellation in the EWSB condition (31). The stop and the first generation squark
contours in Figure (13) are essentially identical to the ones of the corresponding cases in
CGGM, confirming the observation that the MPV contributions are very suppressed for
the squarks.
The spectrum in the green region of neutralino NLSP is very similar to the one of
CGGM in the regime of gaugino screening, with the Bino NLSP, the Wino NNLSP and
the gluino mass going from 350 GeV to up to 5 TeV as can be seen from the gluino mass
contours. All the rest of the spectrum is decoupled and this case will be undistinguishable
form the CGGM one so that we do not discuss it any further.
Conversely, in the gaugino mediation region we get the expected new features in the
leptonic spectrum. The appearence of the sneutrino NLSP (indicated in light blue) is
signaling the fact of having left-handed sleptons lighter than the right-handed ones.
In the short running case the sneutrino NLSP region is the only viable one, whereas
for long running we can have regions of very large ΛG where the usual gauge mediation
contributions dominate over the D-term contributions and the NLSP is again a mostly
right handed stau. In the transition between the two regimes we have a region where all
the leptonic spectrum is very degenerate and the neutralino is NLSP. However, since all
the spectrum becomes very heavy for large ΛG (all the sparticles are above 1.5 TeV) the
corresponding region would be unaccessible at colliders. For this reason we are going to
focus our discussion on the regions where the sneutrino is NLSP for both short and long
running.
In these regions the spectrum is very similar to the one already discussed in section 4.2
with all the right-handed sleptons splitted always more than 1 TeV. The only difference
compared to the section 4.2 is that we get a flavor democratic spectrum characterized by
left-handed sleptons and sneutrinos almost degenerate with masses within a range of 10
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GeV. The precise hierarchy of this very compressed spectrum is very much dependent on
the precise value of tan β.
The flavor democratic case of sneutrino co-NLSP was studied from the perspective
of collider signature in [96] and the possibility of distinguishing it from a flavor-biased
scenarios like 4.2 was the subject of further investigations [101]. It is remarkable that
within the same range of values for tan β two kind of UV completions which can motivate
the appearence of a sneutrino co-NLSP generically lead to two different kind of spectra
that are, in principle, distinguishable.
The minimal value of the left-handed stau mass is mτ˜1 ' 530 GeV with mτ˜1 −mν˜τ '
5.5 GeV in the short running case and mτ˜1 ' 430 GeV with mτ˜1 −mν˜τ ' 6.5 GeV in the
long running case. All the gauginos are decoupled in the gaugino mediation region so that
the only possible production channel would be the Drell-Yan production of left-handed
sleptons reducing a lot the detectability of this scenario. In principle, the situation can
be improved relaxing the assumption of GUT completeness as we will see in the following
sections. However, allowing for hidden sector which are not GUT-complete would give rise
to MPV effects already at 1-loop. A careful study of the phenomenological consequences
of these terms could be interesting and it is left for future studies.
6 Splitting the Colored Sector
In the previous sections we discussed scenarios where the hidden sector is characterized
by a complete GUT structure. These scenarios can realize gauge and mass unification at
the GUT scale in the easiest way, and can be easily constructed in term of weakly coupled
models of gauge mediation with pairs of vector-like messengers belonging to complete
representations of the GUT gauge group. The gaugino and scalar masses are determined
in these cases by only two independent scales ΛG and ΛS.
In this section we relax this assumption and we allow for different supersymmetry
breaking scales associated to the different gauge group factors of the MSSM. This possi-
bility can be realized in explicit models with several messengers in different representations
of the GUT gauge group [4, 5]. Note that in this context the gauge coupling unification
is a delicate matter, since the gauge couplings could typically become non-perturbative
before the unification scales. In the following we simply assume that a scenario with six
independent parameters (ΛGi , ΛSi) is realizable and analyze the phenomenological conse-
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quences on the weak scale sparticle spectrum, without addressing the issue of its explicit
UV realization in terms of weakly coupled models, which we postpone for future studies.
In order to keep the numerical scan and the phenomenological study feasible, we re-
strict to representative subcases of the complete parameter space. In the previous sections
we observed that the Higgs mass constraint is satisfied only for large values of the SUSY-
breaking scales, implying an heavy sparticle spectrum, especially in the colored scalar sec-
tor. Indeed, we have observed that the large Higgs mass is eventually obtained via a large
stop mass. Since we are interested in the consequences of the Higgs mass bound on the
GGM sparticle spectrum, the supersymmetry breaking scales of the SU(3) gauge group
will then play a dominant role. In this section we study the possibility of disentangling
the soft term parameters associated to the SU(3) gauge factor of the Standard Model,
i.e. ΛG3 and ΛS3 , from the other Λ’s. The total dimension of the parameter space is six:
four supersymmetry breaking scales (ΛG1,2 ≡ ΛG1 = ΛG2 ,ΛG3 ,ΛS1,2 ≡ ΛS1 = ΛS2 ,ΛS3)
plus tan β and Mmess. For simplicity we consider the case of a single mediation scale for
the different gauge groups.
In such a scenario we expect to be able to satisfy the Higgs mass bound by increasing
ΛG3 and/or ΛS3 , enlarging the masses of the colored sparticles up to the upper limit of 10
TeV. The rest of the parameter space will then be essentially unconstrained, at the edge
of the collider bounds.
We analyze two simple subcases. In the first one we disentangle the gluino mass scale
ΛG3 from the other gaugino scales, keeping ΛS unified. In region with sufficiently large
ΛS, the gluino mass can be arbitrary light and we can realize scenario with gluino NLSP.
On the other hand, by setting ΛG3 large, we will get a spectrum with all the colored
sparticles very heavy but the un-colored ones very light.
In the second case we disentangle ΛS3 from the other two scalar scales, keeping the ΛGi
unified. Once again, by fixing the squarks mass scale large, the Higgs mass bound can be
easily satisfied, and the other supersymmetry breaking parameters result unconstrained,
generating spectra with a light gluino and light un-colored sparticles. We also explore the
possibility of having tachyonic UV boundary conditions for the squarks, with the purpose
of reaching scenarios with large stop mixing.
We expect that our investigation already highlights most of the interesting features
that can be obtained by exploring the complete six dimensional parameter space.
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6.1 Splitting Gaugino Mass Scales
In this subsection we analyze the case with two independent gaugino supersymmetry
breaking scales ΛG1,2 ,ΛG3 and one scalar mass scale ΛS. Here the gluino mass is set by
ΛG3 and is not related to the other gaugino masses which are determined by ΛG1,2 .
Since the Higgs mass is mainly influenced by the stop-top corrections, we now dis-
cuss the main contributions to the stop masses as we move along this three dimensional
parameter space. The stop mass matrix at the electroweak scale is
m2t˜ =
(
m2Q3 +m
2
t + ∆uL v(ytAt sin β − µyt cos β)
v(ytAt sin β − µyt cos β) m2u3 +m2t + ∆uR
)
. (32)
The diagonal entries m2Q3 and m
2
u3
are set by ΛS at the messenger scale and receive gaugino
mediation contributions along the RG flow. mt = 173.5 GeV and the extra contributions
∆uL,R ' O(M2Z) generated by D-term interactions after the EWSB can be neglected
since we are always in the limit where mt,MZ  mQ3 ,mu3 . The off-diagonal entries are
determined by the At term, the µ term and tan β. Since tan β is always large in our cases
to satisfy the Higgs mass bound, the term proportional to µ is suppressed and will not
play any role in the stop mass matrix. The At term is vanishing at the messenger scale
and is induced at one loop along the RG flow by the gaugino masses, via the equation
d
dt
At = y
2
t
(
2g23
3pi2
Mλ˜3 +
3g22
8pi2
Mλ˜2 +
13g21
120pi2
Mλ˜1
)
+O(At, Ab) , (33)
where here we omitted terms proportional to the A term of the stop and of the sbottom.
For ΛGi of the same order, the hierarchy between the gauge coupling of the MSSM implies
that the gaugino mass contributions to the diagonal entries and to the At term are set
predominantly by ΛG3 and then by ΛG1,2 .
This discussion anticipates the main features we expect for the stop masses moving
along the three dimensional parameter space.
By fixing ΛG1,2 and varying ΛG3 and ΛS, we expect the same shape in the stop mass
contours that we found in the CGGM case.
By fixing ΛG3 and varying ΛG1,2 and ΛS, the features can be very different. Indeed,
the gluino mediation contribution is now fixed, and can be subleading with respect to the
effects of the other gauginos if there is a large hierarchy between ΛG1,2 and ΛG3 . For values
of ΛG1,2 larger than ΛS and ΛG3 , the gaugino mediation contribution from the electroweak
sector, especially from the SU(2) part, becomes dominant. The At term gets larger with
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increasing ΛG1,2 , induced primarily by the SU(2) gaugino mass M2 in (33), and so the
off diagonal component of the stop mass matrix increases. On the other hand, the right-
handed diagonal entry, m2u3 , is sensitive only to the Bino mass M1. Having set ΛG1 = ΛG2
we are always in the regime in which M2 & M1. Hence the two effects only partially
compensate each other, and the resulting lightest stop mass gets effectively reduced for
very large values of ΛG1,2 . This effect is enhanced for larger tan β, which raises further the
off diagonal entry of the mass matrix proportional to At, and for longer RG flow. These
features will show up in the following numerical analysis.
Another interesting quantity which characterizes the sparticle spectrum is the µ term,
by setting the Higgsino mass and by entering into the neutralino and chargino mass matri-
ces. The µ term is determined from the EWSB condition (9), and accidental cancellation
can make it very small in some corner of the parameter space, a situation we have already
encountered in section 4.1. Recall that in the large tan β regime, assuming MZ small
compared to all the other contributions, the EWSB condition can be written as
|µ|2 ' −(m2Hu +
2∑
i=1
Ki(Mλ˜i)) +
3y2t
4pi2
m2t˜ log
(
Mmess
mt˜
)
. (34)
When ΛG1,2 is smaller or of the same order than ΛG3 , we expect the same behaviour than
in the CGGM case: the UV contribution m2Hu is compensated by the large stop correction,
determining the µ term, and the gaugino mediation contributions Ki(Mλ˜i) are subleading.
Instead, when ΛG1,2 is very large, the gaugino mediation effects Ki(Mλ˜i) become relevant,
generating large contributions proportional to M1 and M2. As a consequence, there is a
further cancellation among the terms in equation (34), and eventually |µ|2 is small. For
ΛG1,2  ΛS this effect is so large that the condition (34) cannot be satisfied and the
EWSB vacuum is destabilized.
This discussion about the EWSB condition will be particularly relevant for the regime
of gaugino mediation, where the ΛGi effects dominate over ΛS. Instead, in the regime
of gaugino screening, where ΛS is larger than the ΛGi , the EWSB mechanism is realized
like in the CGGM case and the value of µ is fixed determined by the partial cancellation
between m2Hu and the stop contribution in (34).
The interesting aspect of the gaugino screening region is that the gluino mass can be
now arbitrarily light, being independent of the other gaugino masses. The expressions for
the gluino and the Bino masses of GGM (1) imply that we have gluino NLSP whenever
the two supersymmetry breaking gaugino scales satisfy the relations ΛG3/ΛG1,2 ≤ g21/g23
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[39, 108]. For values of ΛG3/ΛG1,2 slightly larger than this inequality, the gluino will
be the NNLSP, and the Bino the NLSP. In this case the decay of the gluino to the
NLSP neutralino is a three body decay through a virtual squark to quark, antiquark and
neutralino, whose decay rate is approximately [34,36]
Γ(g˜ → qq¯N˜1) =
NααsM5λ˜3
192pi sin θ2Wm
4
q˜
(35)
and is suppressed for large squark masses. The numerical prefactor N takes into account
the possible different decay channels into squarks.
This has to be confronted with the decay rate (14) of the two body decay into gluon
and gravitino. The squarks are very heavy in the allowed portion of the parameter space,
to satisfy the Higgs mass constraint, but we have imposed an upper bound of 10 TeV on
all the sparticle masses. Thus, even considering the extremal limit with 10 TeV squarks
and very low messenger mass Mmess = 10
6 GeV, the decay into gluon plus gravitino results
always negligible compared to the three body decay, if the latter is kinematically allowed.
So we conclude that the gluino pair production at collider typically leads to decay cascades
into MSSM sparticles and at least four jets on all the parameter space, unless the gluino
is the NLSP.
In the following, we scan the parameter space (ΛG1,2 ,ΛG3 ,ΛS, tan β,Mmess) in the
ranges explained in the introduction. Once again we choose to fix three of these parameters
and present the results in two dimensional plots with contours. We have selected the region
of parameter space where the spectra differs significantly from the ones we have found in
the CGGM case.
6.1.1 Large ΛG1,2: Gluino NLSP
The first interesting case is realized by fixing ΛG1,2 to the large value 7.94 × 105 GeV,
corresponding to a Bino mass of 1 TeV, and scan over ΛG3 and ΛS. In this situation a
large stop mass, necessary to raise the Higgs mass, can be obtained either through a large
ΛS scale, or through a large gaugino mediated contribution, dominated mainly by the
gluino mass. Indeed the value of ΛG1,2 is not large enough to make the stop sufficiently
heavy through gaugino mediation, since those contributions are nevertheless suppressed
by weak couplings and we are not pushing ΛG1,2 to extreme high values.
The shape of the allowed region is then analogous to the CGGM case. For small ΛG3
the allowed region is obtained for high ΛS, whereas if ΛG3 is sufficiently large to induce
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large stop masses, the UV boundary condition for the scalars ΛS can be small. In the
portion of the parameter space characterized by gaugino mediation, the spectrum and the
phenomenology is very similar to CGGM. Instead, in the gaugino screening region new
interesting possibilities can be realized. In particular, given the fixed large value for ΛG1,2 ,
in the region where ΛG3 ≤ g21/g33ΛG1,2 the NLSP is the gluino.
Figure 14: Logarithmic plot for the NLSP in the ΛG3 ,ΛS plane. Very light green is the gluino, green
is neutralino, blue is stau. The black, red, dashed-red contour plots identify the gluino, the lightest stop
and first generation masses respectively. The scales of the contours are (0.5, 1, 2, 5) TeV for the gluino,
(1.5, 3, 5) TeV for the lightest stop and (3, 5) TeV for the first generation squarks in the left plot, while
(0.5, 1, 2, 5) TeV for the gluino, (1.5, 3, 5) TeV for the lightest stop and (3, 5) TeV for the first generation
squarks in the right one.
These features are shown in Figure 14, where we present only two exhaustive cases for
Mmess and tan β. In the light green region the gluino is the NLSP, in the green region the
lightest neutralino, and in the blue region the stau. The black contours identify the gluino
mass at 500 GeV, 1, 2, 5 TeV, so the gluino NLSP region extends to values of the gluino
mass up to O(1) TeV. The other contours refer to the stop and to the first generation
squarks and they strongly resemble the ones in the CGGM case, being colored sparticles
and hence influenced mainly by the gluino mediation contribution. Note that the dark
grey region of non convergence of SoftSUSY is larger than in the CGGM case. In that
dark grey region ΛG3 and ΛS are too small compared to ΛG1,2 and EWSB cannot occurs.
Except for this aspect, the shape of the contours for the Higgs mass bound and the
At, µ and MS quantities are very similar to the CGGM case, since the squark sector and
the gluino mass give the most relevant contributions to the Higgs mass corrections, so we
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do not present them here.
Figure 15: Plot for the NNLSP in the ΛG3 ,ΛS plane. Very light green is the gluino, light green is
the second lightest neutralino, blue is the lightest stau, green is the lightest neutralino, pale blue is the
smuon. dark grey is for regions where SoftSUSY did not converge.
Figure 16: Gradient plot for the mass difference mNNLSP −mNLSP in the ΛG3 ,ΛS plane. The black
and red contour plots identify the gluino and stau mass respectively. The contours are (0.8, 2, 3) TeV
for the gluino and (0.2, 0.5, 1, 1.5) TeV for the stau in the left plot, while (1, 2, 3) TeV for the gluino and
(1, 2) TeV for the stau in the right plot.
In Figure 15 we show the NNLSP type, and in Figure 16 the difference in mass between
the NNLSP and the NLSP, with contours for the NLSP masses. The contours plot refer
to the gluino and stau masses, black and red respectively. The lightest neutralino, which
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is mostly Bino in the entire allowed parameter space, has constant mass around 1 TeV.
In case with Mmess = 10
7 GeV the gluino mass varies between 190 GeV and 10 TeV,
while the stau mass varies between 315 GeV and 2.2 TeV. In case of long RG flow the
gluino mass varies between 152 GeV and 10 TeV, while the stau mass varies between 470
GeV and 3.8 TeV. In the case of gluino NLSP, the NNLSP is the Bino. In the case of
neutralino NLSP, the NNLSP can be either the gluino, or the neutral Wino, or the stau.
In the region of stau NLSP, the NNLSP is the smuon with almost degenerate mass when
tan β is small.
Figure 17: Gradient plot for the decay length of the NLSP in the ΛG3 ,ΛS plane. The NLSP decay is
prompt for Mmess = 10
7 GeV and long for Mmess = 10
13 GeV, independently on the nature of the NLSP.
To complete the phenomenological characterization of this scenario we show in Figure
17 the decay length of the NLSP in meters. In the long running case, the decay is always
outside the detector. In the short running case the decay can be displaced or prompt.
Note that we could also consider a scenario with smaller messenger mass, where the same
pattern for the soft masses is realized, but with always promptly decaying NLSP. In the
case of the gluino NLSP the decay is to gluons plus grativinos. Also in the large Mmess
case, the lifetime of the gluino is nevertheless short enough to not have cosmological
consequences [34].
The most interesting region is clearly the one with gluino NLSP. In this region the
NNLSP neutralino can be significantly heavier than the gluino, realizing a scenario where
all the sparticles except the gluino are effectively decoupled for collider physics. In the
case of gluino NLSP the LHC direct searches in the two possibilities of long-lived or
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prompt decaying differ significantly.
For long-lived gluino the current strongest constraints come from ATLAS and CMS
searches on R-hadrons [109, 110] and from CMS searches of high-pT isolated tracks with
large ionization energy loss dE/dx [111]. For promptly decaying gluino the bound is set
by limits on jets plus missing energy signatures in both CMS and ATLAS experiments
[112,113]. In both cases a conservative lower bound around 800− 850 GeV on the gluino
mass was obtained in [11] considering 1/fb of data from LHC. Including the most recent
current searches, the gluino mass bound is around 1 TeV which implies that almost all the
gluino NLSP region in our plots can be already excluded by LHC direct searches besides
a small region which lies beyond the 1 TeV contour for the gluino in Figure 14. Regions
with gluino NLSP with heavier mass can be easily obtained fixing ΛG1,2 to an higher value
which would imply heavier masses for the Bino and the Winos.
Another interesting characteristic of this scenario is the region with neutralino NLSP
and gluino NNLSP, which differs from CGGM case since now the gluino NNLSP can
be almost degenerate in mass with the neutralino. Both sparticle are however quite
heavy, around 1 TeV. The EW production is suppressed, since the Winos are heavy, with
mass which is generically twice the Bino mass, because we are sticking to the relation
ΛG1 = ΛG2 . The neutralino production at LHC is then mainly through pair production
of the NNLSP gluinos decaying via virtual squarks to quark, antiquark and neutralino.
The spectrum is the one of a simplified model for neutralino mostly Bino NLSP, promptly
decaying in the case of small Mmess, produced via an NNLSP gluino with an arbitrary
small mass. If the gluino mass is very close the the Bino mass, the signal of jets plus
missing energy (plus eventually photons in the case of promptly decaying Bino) can be
softened, and the scenario more difficult to exclude at colliders.
6.1.2 Large ΛG3: Light Un-colored Spectrum
An alternative possibility for this scenario is to fix ΛG3 and show the results in the ΛG1,2 ,ΛS
plane. We set ΛG3 = 1.7 × 106 GeV, resulting in a gluino mass around 10 TeV. This
gluino mass induces large squark masses and At, facilitating the accomplishment of a
heavy Higgs. We expect that in this case we can reach regions with small values of ΛG1,2 ,
allowing then for a light un-colored spectrum. Once again we fix Mmess and tan β to two
representative values.
In Figure 18 we show the plots with the NLSP types, and the contours for lightest
53
Figure 18: Logarithmic plot in the ΛG1,2 ,ΛS plane. Blue is stau and green is neutralino. The red,
dashed-red contour plots identify the lightest stop and first generation masses respectively. The scales
of the contours are (5.6, 7) TeV for the stop and 6.2, 7.5 TeV for the first generation squarks in the left
plot, while (6.7, 7.2) TeV for the stop and (8, 8.4) TeV for the first generation squarks in the right plot.
stop and first generation squarks mass. When ΛG1,2 < ΛS the squark masses depend only
on ΛS. For values of ΛG1,2 larger than ΛS the gaugino mediation contribution from the
electroweak sector becomes important. This explains the shape of the first generation
squark mass contour. The lightest stop is instead essentially independent of ΛG1,2 , getting
even slightly lighter for larger ΛG1,2 . The explanation of this phenomenon was given below
equation (33), and is related to the off diagonal entry of the stop mass matrix which is
indeed enhanced for longer RG flow.
The NLSP is either the stau or the neutralino depending on the ratio of ΛG1,2/ΛS
similarly to the CGGM case. However, note that now ΛG1,2 is allowed to take smaller
values compared to ΛG in the CGGM case, so the stau mass can be much lower. For values
of ΛG1,2 much larger than ΛS (and also with ΛG1,2 > ΛG3) there is a new tiny region with
neutralino NLSP. In this region we are in the regime explained in the introduction after
equation (34). The accidental cancellation in the EWSB condition leads to a very small µ
and the NLSP is the neutral Higgsino. For values of ΛG1,2 even larger, the EWSB cannot
be realized, and we obtain a dark grey region signaling that SoftSUSY failed to produce
a spectrum.
These observations are confirmed in Figure 19 where the plots about the Higgs mass
are showed. We analyze the shape of the contours for the At term (dashed black), for MS
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Figure 19: Gradient plot in the ΛG1,2 ,ΛS plane for the Higgs mass. The dashed black, red, dashed-red
contour plots identify At, MS and µ respectively. The scales of the contours are (−3.1,−3.4,−3.5) TeV
for At, (6, 7) TeV for MS and (2, 2.5, 3) TeV for µ in the left plot while (−5.5,−6,−7) TeV for At,
(7.3, 7.6) TeV for MS and (3.5, 4.5, 5) TeV for µ in the right one.
(red) and for the µ term (dashed red), starting with the case of Mmess = 10
7 GeV. The
At is essentially constant, the contours being at around 3 TeV. It increases slightly with
increasing ΛG1,2 , because of the contribution induced by the gauginos. The average stop
mass is almost constant and also slightly increase for larger ΛG1,2 because of the gaugino
mediation contribution. The µ term becomes smaller if ΛG1,2 increases because of the
arguments given below equation (34), and reaches its minimal value along the edge with
the dark grey region. These features are present also in the case of Mmess = 10
13 GeV,
where the longer RG flow only implies that At, MS and µ vary more significantly along
the parameter space, and are more sensitive to the exact value of tan β, resulting in fuzzy
contours.
In Figure 20 we show the NNLSP types, and in Figure 21 the gradient of the mass
difference between the NNLSP and the NLSP, with contours for the neutralino and for
the stau masses.
In the ΛG1,2 < ΛS region the Bino is the NLSP and the NNLSP is the neutral Wino.
When ΛG1,2 ' ΛS there is the transition between neutralino NLSP and stau NLSP, with
the other one being NNLSP. For most of the region with ΛG1,2 > ΛS, the NLSP is the stau
with smuon and selectron co-NNLSP. Note that, contrary to the CGGM case, here the
stau can be very light; the minimum value for the stau mass in the allowed region is 136
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Figure 20: Plot for the NNLSP in the ΛG1,2 ,ΛS plane. Light green is the second lightest neutralino,
blue is the lightest stau, green is the lightest neutralino, pale blue is the smuon, and yellow is the lightest
chargino. Dark grey is for regions where SoftSUSY did not converge.
Figure 21: Gradient plot for the mass difference in mNNLSP − mNLSP in the ΛG1,2 ,ΛS plane. The
dashed red and red contour plots identify the neutralino and stau mass respectively. The contours are
(0.1, 0.5, 1) TeV for the neutralino and (0.4, 1) TeV for the stau in the left plot, while (0.5, 1, 2.5) TeV
for the neutralino and (0.5, 1, 2) TeV for the stau in the right plot. The rightmost neutralino contours is
still the contours associated to the heaviest mass. They signal the fact that the neutralino becomes light
again for larger values of ΛG1,2 , for the reasons explained in the text.
GeV for Mmess = 10
7 GeV and 174 GeV for the Mmess = 10
13 GeV case. This is due to
the fact that having disentangled ΛG1,2 from ΛG3 , now ΛG1,2 can be small even satisfying
the Higgs mass bound, and hence the gaugino mediation contribution to the sleptons is
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less relevant.
Finally, in the right band the neutralino is again the NLSP with almost degenerate
chargino NNLSP. In this region the µ term is small and in particular we have µMλ˜1,2
so that the lightest neutralino is the Higgsino with the other neutral Higgsino and the
charged Higgsino nearly degenerate NNLSP. The other neutralinos (Bino and Winos) and
the charged Wino are very heavy, since their mass is set by ΛG1,2 .
We already encounter a similar situation in section 4.1, where accidental cancellations
were due to extra contributions to the Higgs soft masses. Here the mechanism is different,
and relies on very large electroweak gaugino mass scales ΛG1,2 which maximize the K1,2
contributions in the EWSB condition (34). As a consequence the Bino, the Winos and
also the sleptons are very heavy, essentially decoupled from collider physics, realizing a
simplified model with only Higgsinos accessible at collider which is very similar to the one
obtained in section 4.1 for short running case and ΛG sufficiently large.
As already discussed in section 4.1, this kind of scenario has colored production very
much suppressed by the heaviness of the gluino and the squarks and this is even more true
in the present case where we fixed the gluino mass at around 10 TeV. Colored production
is thus negligible and the CMS and ATLAS constraints on the gluino-Higgsino simplified
model based on Z+jets+MET searches [94, 95] are not constraining in our case. We
believe that this region deserves further studies for collider signature, particularly in the
case where the NLSP is promptly decaying (i.e. with short RG flow Mmess = 10
7 GeV).
Figure 22: Gradient plot for the decay length of the NLSP in the ΛG1,2 ,ΛS plane.
The decay length of the NLSP is shown in figure 22. The NLSP escapes the detector
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for Mmess = 10
13 GeV whereas the decay can happen either inside or outside the detector,
depending on the parameters, for the Mmess = 10
7 GeV case.
Except for the Higgsino NLSP region, most of the parameter space in short (or long)
running is essentially the typical gauge mediated one of promptly decaying (or long-lived)
Bino NLSP or stau NLSP. The NLSP masses can be quite small, at the edge of the
collider bounds. Since we have fixed ΛG3 to be large and the squarks are heavy to satisfy
the Higgs mass constraint, the whole colored spectrum can be considered decoupled for
collider physics and the LHC production would be mainly electroweak. Nevertheless,
differently than in the CGGM case, here the Winos can be very light, since their masses
are not anymore tied to the gluino mass. The EW production can be significant, and
we expect that LHC searches can already reduce considerably the allowed portion of the
parameter space.
The entire regions with ΛG1,2 < 10
5.9 GeV in the short running case and with ΛG1,2 <
105.7 GeV in the long running case can be considered generators of simplified models with
Bino or stau NLSP, with pure EW production, which we now discuss.
The µ term is always very large, so the second lightest neutralino and the lightest
chargino are Winos, with mass given by Mλ˜2 evaluated at the EW scale, which is roughly
twice the Bino mass Mλ˜1 . The most interesting case for LHC searches is the one of short
running where the NLSP is promptly decaying or decay with displaced vertex in a large
portion of the parameter space. Also in this scenario we can always obtain a promptly-
decaying NLSP by reducing further Mmess up to its lower bound which is around 10
6 GeV.
In the Bino NLSP region, which decays promptly for short running, an analysis similar
to the one in [11] would give an LHC lower bound on the neutralino mass around 200
GeV. In this region the stau mass can vary from the Bino mass up to 1.1 TeV, where it can
be considered as decoupled from collider perspectives. The other sleptons are degenerate
with the stau when ΛS is very large, since the diagonal components in the mass matrix
dominates. When ΛS < 10
5.4 GeV the mass splitting can reach 100 GeV. When the
sleptons are light they can be produced and decay to neutralino, providing an interesting
channel of production for the NLSP, with extra leptons in the final state.
In the short running case, when 105.7 GeV < ΛG1,2 < 10
5.9 GeV the NLSP is the stau,
whose mass varies between 136 and 300 GeV. The Wino mass lies between 1.2 and 2 TeV,
and the neutralino mass between 600 GeV to 1 TeV. The relevant production process is
EW direct pair production of sleptons, which is accessible due to the low mass of the
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NLSP.
In the long running case, when 105.5 GeV < ΛG1,2 < 10
5.7 GeV, the typical stau NLSP
mass is between 174 and 500 GeV. The Wino mass varies between 700 and 1.2 TeV, and
the neutralino mass between 450 and 600 GeV. The slepton mass splitting between the
stau and the co-NNLSP selectron and smuon can be large, around 100 GeV. In this case
the decay of the selectron/smuon to the goldstino plus electron/muon is suppressed by the
large mediation scale Mmess, see eqs (14). The selectron/smuon pair production can then
lead to interesting three body decays l˜R → τ˜1τ l through virtual neutralinos, resulting in
multi-lepton final states [77].
Finally, when ΛS ' ΛG1,2 , there is the interesting region of stau and neutralino co-
NLSP, with stau slightly heavier, which in this case is accessible to collider physics, since
the typical NLSP mass can be as low as 140 GeV for the short running case and 180 GeV
for the long running one. The production will be mainly EW, with Wino mass at least
around 300 GeV or 500 GeV, in the short and in the long RG flow cases respectively.
Consider the case of long running, Mmess = 10
13 GeV, where both neutralino and stau
decay to the gravitino, i.e. τ˜ → τG˜ , N˜1 → γG˜ are extremely suppressed. The lightest
stau is a mixture of left and right gauge eigenstates, and the mixing is large, being it
proportional to µ tan β. If the mass difference between the stau and the neutralino is
smaller than the tau mass, ∆τ ≡ mτ˜ − mN˜1 < mτ , the two body decay τ˜ → N˜1τ is
not kinematically allowed. So the stau has to decay with a three body process, through
a virtual tau decaying into neutrino and W boson, plus the long-lived neutralino, or it
can also decay via four body decay to τ˜1 → ντνeeN˜1 and τ˜1 → ντνµµN˜1. The branching
ratios among these processes are controlled by ∆τ , which also determines if the decay
will happen outside or inside the detectors, leading in the second case to peculiar final
states. This scenario has been investigated recently in [114,115] in the context of gravity
mediation, where the neutralino is the true LSP. In our case the neutralino is not the LSP
and it is not a viable dark matter candidate, so the corresponding cosmological bound
should not be applied. However, for what concerns the collider signature, our realization
is analogous to the one presented in those papers, since the neutralino is longlived. Along
our parameter space, we can smoothly modify the value of ∆τ , so we expect to be able to
realize various scenarios with different branching ratios and decay length. It would be very
interesting to perform a dedicated analysis for the collider signatures on this particular
portion of the GGM parameter sapce.
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6.2 Splitting Scalar Mass Scales
In this subsection we keep unified gaugino mass scales ΛG1 = ΛG2 = ΛG3 ≡ ΛG and
we disentangle the SU(3) scalar mass scale ΛS3 from the other two ΛS1 = ΛS2 ≡ ΛS1,2 .
Generically the UV boundary condition for the stop mass is set by the three scalar mass
scales ΛSi . In the present scenario we can modify the stop mass (and also the other
squark masses) by varying ΛS3 keeping fixed the other ΛS1,2 . In this way we modify the
squark masses without affecting the slepton sector. This suggest two possible alternative
directions.
One possibility is to try to maximize the At term keeping the stop light, aiming at
naturalness. In order to raise the Higgs mass we would need to obtain a scenario with
maximal stop mixing, where Xt
MS
' 2. However, the At term is negligible at the messenger
scale in gauge mediation, and both At term and stop masses are induced along the RG
flow by gluino masses, making difficult to maximize their ratio. A two-loop analysis of the
MSSM RG equation is necessary to study analytically this issue. In [43] it has been shown
that with positive mass squared for the squarks and vanishing At term at the messenger
scale it is not possible to reach a scenario of maximal stop mixing. Hence to obtain relative
small stop mass at the EW scale we have to impose UV boundary condition which are
tachyonic for the squarks, corresponding to negative Λ2S3 , a scenario which has been first
suggested in [32]. Like in the previous case of tachyonic UV masses for the Higgses, we
are going to ignore possible issues with CCB minima supposing that the usual EWSB
vacuum is at least metastable and long-lived compared to the age of the Universe [88,89].
We explore this possibility numerically in the following subsection, but we find only a
small improvement in the smallest value of the stop mass compatible with a 125 GeV
Higgs, resulting in mt˜1 ' 2 TeV which implies an unavoidable fine-tuning in the EWSB
condition.
The alternative possibility, which is more in the spirit of the present work, is to not
pursue naturalness and admit that the large Higgs mass is obtained entirely by heavy
stop contribution. This effect can be obtained by setting ΛS3 large. As a result the other
supersymmetry breaking parameters ΛG and ΛS1,2 are essentially unaffected by the Higgs
mass constraint. Note that in this last scenario the squarks are necessarily very heavy,
beyond the LHC reach, and the only possible light colored sparticle is the gluino.
In the following we scan over the parameter space (ΛG,ΛS1,2 ,ΛS3 , , tan β,Mmess), in
the ranges explained in the introduction, and we fix three of these parameters to present
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bi-dimensional plots with contours.
6.2.1 Large positive Λ2S3: Enlarged CGGM-like scenario
If we do not stick to argument related to naturalness a simple possibility is to explore
regions of the parameter space with large ΛS3 . In this case the squarks and in particular
the stop are very heavy, resulting in a large Higgs mass. The rest of the sparticle spectrum
is characterized by the other two scales ΛS1,2 ΛG, which are essentially not constrained by
the Higgs mass bound.
In the following we plot the results of our scan in the ΛS1,2 , ΛG plane, by fixing
ΛS3 = 10
6 GeV, and we comment on the similarities and differencies with the CGGM
case discussed in section 3. For simplicity we consider only one case for fixed tan β and
Mmess, and we show all the results in figure 23.
In the first plot of Figure 23 we display the NLSP type with contours for the gluino
mass. The squark masses are almost constant along the parameter space, of the order
of 7 to 10 TeV, increasing for larger values of ΛG because of the gaugino mediation
contribution. The NLSP can be the stau or the neutralino, as in the CGGM case. The
parameter space in the ΛG, ΛS1,2 plane has opened up compared to the CGGM with
unified ΛSi , for the reasons explained before. Indeed the Higgs mass constraint does not
play a relevant role, since there is no white region. The allowed portion of the parameter
space extends to the border with dark grey region, where SoftSUSY failed to converge.
In the third figure 23 we show the estimated decay length of the NLSP into standard
model partner plus gravitino. The decay length is typically small in the stau NLSP region
wheras it can be short or long in the Bino NLSP region. In the stau neutralino co-NLSP
region we can have either prompt decay or displaced vertex. Generically, we can realize
the same low energy spectra distribution with smaller Mmess if we would like to have
promptly decaying NLSP on all the parameter space.
An interesting difference compared to the CGGM case is that the sleptons can be
significantly light in the allowed region, making this scenario more accessible in terms
of collider physics. In CGGM the requirement of heavy squarks forced the entire scalar
spectrum to be very heavy, and the lightest stau was essentially always heavier than 500
GeV. Here instead the stau can be as light as 220 GeV, both in the gaugino mediated
region, where it is the NLSP, but also in the gaugino screening region, where the NLSP is
the Bino. This feature is shown in the fourth plot in Figure 23 where we show the stau and
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Figure 23: Logarithmic plot in the ΛG,ΛS1,2 plane. In the first plot we show the NLSP type and black
contours for the gluino mass at 0.5, 1, 2 TeV. The second plot show the NNLSP types, the third plot the
NLSP decay length. In the fourth plot we show the value for mNNLSP −mNLSP . The red and dashed red
contours identify the stau mass and the neutralino mass, at (0.5, 1) TeV and (0.2, 1, 2) TeV respectively.
neutralino mass contours together with their mass difference. The NNLSP type is shown
in the second plot of Figure 23. In the stau NLSP region the co-NNLSP are the selectron
and smuon, with splitting from the stau that can vary from few to 100 GeV. In the Bino
NLSP region, the NNLSP is predominantly neutral Wino. The collider signatures of most
of the allowed region are the traditional ones of gauge mediated scenarios with moderately
light spectrum, except for having quite heavy squarks. Differently than in section 6.1.2,
the gluino mass is not constrained to be large to obtain heavy squarks.
For instance, an interesting portion of the parameter space is the one with stau NLSP
and ΛG ' ΛS1,2 , with smallest possible stau mass around 220 GeV. The stau decay is
62
inside the detector or displaced. The gluino, Wino and Bino masses are around 2.1 TeV,
700 GeV and 350 GeV respectively. The selectron/smuon co-NNLSP are heavier than the
stau by around 80 GeV, so the spectrum cannot be considered flavour democratic. The
stau pair production can be purely EW or through colored production via gluinos, and
both channels can be relevant for discovery at LHC.
In the upper right corner of the allowed region the NNLSP is the lightest chargino.
Indeed, with increasing ΛS1,2 the positive contributions to the Higgs soft mass get larger.
These contributions partially cancel the negative corrections induced by the stop, and
the resulting µ term is very small. We have already encountered the same mechanism of
accidental cancellation in the previous section, in the case of large ΛG3 and ΛG1,2 . The
µ term can be as small as 200 GeV in the upper extrema of the allowed region. There
the lightest neutralino is mostly Higgsino, its mass is essentially set by µ, and the other
neutral and charged Higgsino are almost degenerate. The chargino NNLSP is manifest
only in the region of large ΛG, where the gaugino mediation contribution to the Higgs
soft terms enhance the effect even more, but the region with small µ and consequent
Higgsino NLSP extends horizontally for all values of ΛG. So we can find benchmark
points for simplified models with relatively light gluino and with Higgsino NLSP, leading
to Z+jets+MET signals for the Z-rich case or even to Higgs production in the Higgs-rich
case [11].
In summary, this GGM scenario with large ΛS3 generates low energy spectra that
satisfy the Higgs mass bound and that present colored sparticle production accessible at
LHC, being the gluino not too heavy. Moreover, in this subsection the gluino mass was
tied to the Bino and Wino mass by the GUT hypothesis for the gauginos. One can instead
envisage scenario with both ΛG3 and ΛS3 decoupled, where a large ΛS3 sets the squark
mass very large, and the other parameters results essentially unconstrained by the Higgs
mass bound. We could then realize spectra with neutralino or stau NLSP with arbitrary
low gluino mass.
6.2.2 Negative Λ2S3
Trying to minimize the stop mass, we restrict to the region where Λ2S3 is negative. We fix
the value of ΛS1,2 and we show the plots in the Λ
2
S3
, ΛG plane. We select the case of long
running, necessary to induce the At term, so we set Mmess = 10
13 GeV.
In Figure 24 we show the NLSP and the contours for the lightest stop, gluino mass,
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Figure 24: Logarhitmic plot in the ΛS3 , ΛG plane fixing Λ
2
S1,2
= 109 GeV2. In the dark grey region
SoftSUSY did not converge, in the light grey region the soft spectrum is too heavy to be interesting,
while in the white region the Higgs mass is smaller than 123 GeV. In the blue region the Higgs mass is
in the range 123-127 GeV and the NLSP is the stau. The black contour follow the gluino mass at 5 TeV.
The red contours are the lightest stop mass at (2.5, 3, 5) TeV, while the red dashed contours are the first
generation squark masses at 3 and 5 TeV.
and first generation squarks (see the caption for details). Note that Λ2S3 is always negative,
getting larger in modulus in the top region of the plot. The blue colored region, with stau
NLSP, is the only one with Higgs mass within 123 and 127 GeV.
The leftmost contour for the stop is at 2.5 TeV, so we obtain an allowed region with
stop mass smaller than 2.5 TeV. The contours for the squark masses are independent
from ΛS3 for small values of ΛS3 , since in that regime those masses are given mainly by
the gluino mediation contribution, and by ΛS1,2 , which is constant. The gluino mass is
essentially determined only by ΛG. For larger values of tan β, the region satisfying the
Higgs mass constraint gets slightly larger, as in previous cases. In the allowed region the
NLSP is always a long lived stau, and the smuon is the NNLSP.
In Figure 25 we show the gradient plot for the Higgs mass, with contours for µ, At and
MS. The average stop mass contours have the expected shape, dominated by the gluino
mass contribution for |ΛS3| < ΛG. The At term depends essentially only on the gluino
mass, being induced at one loop during the RG flow (see eqs (33)). Finally, the µ term
decreases for decreasing stop mass. This effect can be understood with reasonings similar
to the ones around formula (34). The negative contribution to Σu induced by the stop
are less important for light stop, and are partially cancelled by the positive UV boundary
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Figure 25: Gradient plot for the Higgs mass in the ΛS3 , ΛG plane fixing Λ
2
S1,2
= 109 GeV2. The red
contours for MS are at 3 and 5 TeV. The dashed red contours identify µ at 500 GeV, 1 and 2 TeV. The
dashed black contours are for At at (−4,−5,−6) TeV.
value for m2Hu . This partial cancellation leads to a small µ term in the region of light stop
mass.
Given the previous results, we now fix ΛS3 to an optimized value to obtain the smallest
possible stop mass. We set Λ2S3 = −2.19 × 1011 GeV2 and we scan over ΛG and ΛS1,2 .
This choice can appear to be fine tuned, but our purpose here is just to explore remote
corners of the parameter space of GGM in order to obtain the lightest possible squarks.
In Figure 26 we show the usual NLSP plot with contours for stop, gluino, and first
generation squark masses. In the regime we are studying the squark masses are essen-
tially independent on ΛS1,2 , being dominated by the large value of ΛS3 and by the gluino
mediation contribution. The smallest value for the stop mass is around 2.2 TeV. The
leftmost contour for the stop mass is at 2.5 TeV. In the interesting region at the left of
this contour the possible NLSP are both neutralino and stau. The stau NLSP region gets
dominant for larger value of tan β, because of the mixing in the stau mass matrix.
It is then interesting to analyze in Figure 27 the Higgs mass gradient and the contours
for the µ term, together with formula (34), in order to understand the rest of the dark
grey region. Indeed, the dark grey region follows the dashed red contour of a small µ
term at 500 GeV. For large value of ΛS1,2 the negative contribution to Σu from the stop is
too small compared to the positive contribution to m2Hu proportional to Λ
2
S1,2
, and EWSB
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Figure 26: Logarithmic plot in the ΛS1,2 , ΛG plane fixing Λ
2
S3
. In the dark grey region SoftSUSY did
not converge, in the light grey region the soft spectrum is too heavy to be interesting. In the blue and
green region the Higgs mass is in the range 123-127 GeV and the NLSP is the stau and the neutralino
respectively. The black contour follow the gluino mass at 5 TeV. The red contours are the lightest stop
mass at (2.5, 3, 5) TeV, while the red dashed contours are the first generation squark masses at 3 and 5
TeV.
Figure 27: Gradient plot for the Higgs mass in the ΛS1,2 , ΛG plane fixing Λ
2
S3
The red contours for
MS are at 3 and 5 TeV. The dashed red contours identify µ at 500 GeV, 1 and 2 TeV. The dashed black
contours are for At at (−4,−5,−6) TeV.
cannot occur. The situation is ameliorated by increasing ΛG, since this increases the stop
mass, and then increases the negative contribution to Σu. The MS and At contours are
determined by ΛG only as expected.
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This discussion also indicates that in correspondence of the region of small µ the NLSP
of Figure 26 is an Higgsino, which is the usual feature of the low-energy spectrum in the
presence of accidental cancellation in the EWSB condition.
Figure 28: NNLSP plot in the ΛS1,2 , ΛG plane fixing Λ
2
S3
. The pale blue corresponds to smuon, the
green to the lightest neutralino, the blue to the stau, and the yellow to the lightest chargino.
In Figure 28 we show the NNLSP species. In the region of light stop the µ term is very
small and the NNLSP is the lightest neutral Higgsino in the blue region of stau NLSP, or
the charged Higgsino in the green region of Higgsino NLSP. The NLSP is always long lived
and stable for collider physics, since we are in the large Mmess case. Finally in Figure 29 we
show the mass difference between the NNLSP and the NLSP mass, with contours for the
stau and the lightest neutralino mass eigenvalue. The stau mass contours are determined
mainly by the gaugino mediated contribution, and are sensitive to the scalar mass ΛS1,2
only for large value of ΛS1,2 . The lightest neutralino contours reveal aspects of its mixing
angles. For large ΛG, and much larger than ΛS, the lightest neutralino is mostly Bino
and its mass is determined by ΛG, while getting closer to the dark grey region the lightest
neutralino becomes mostly Higgsino and its mass contours have a shape analogous to the
µ term. In particular, the neutralino is mostly Higgsino in all the region where it is below
the TeV scale.
The region of light stop, with ΛG ' 105.85 GeV and ΛS1,2 < 105.5 GeV shows an
interesting spectrum. The lightest stop is the lightest of the squarks, with squark masses
around the TeV scale and a quite heavy gluino at 5 TeV, and the Wino is at 1.8 TeV.
The more common NLSP is the stau, whose mass varies between 500 and 600 GeV. The
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Figure 29: Gradient plot for the mass difference between the NNLSP and the NLSP, in the ΛS1,2 , ΛG
plane fixing Λ2S3 . In the left plot, the dashed red contours identify the neutralino mass at 500 GeV, 1
and 2 TeV, while the red contours is the stau mass at 1 and 2 TeV. In the right plot, the dashed red
contours identify the neutralino mass at 500 GeV, 1 and 2 TeV, while the red contours is the stau mass
at 800 GeV and 1 TeV.
NNLSP is the lightest Higgsino which is almost degenerate with the other neutral and
charged Higgsino. The three Higgsinos can be arbitrarily close in mass to the stau as can
be observed from the Figure 29, eventually becoming even lighter in the region very close
to the non-convergence of SoftSUSY.
This pattern is an usual one when accidental cancellations occur, and we already dis-
cussed it in the section 4.1 for long running. The only new ingredient here is having a stop
mass around 2 TeV which, however, would not affect so much the collider phenomenology.
7 More General Scenarios
In the previous section we have studied the possibility of disentangling the supersymmetry
breaking scales associated to the SU(3) gauge group from the others. Here we comment
on the possibility of enlarging further the parameter space and on the resulting scenarios
that we can envisage, leaving a detailed study for future works.
As already observed, the Higgs mass corrections are more sensitive to the colored sec-
tor. For this reason we do not expect that by considering independent supersymmetry
breaking scales for the U(1) and SU(2) gauge group will change deeply our conclusions
68
about the effect of the Higgs mass bound on the sparticle spectrum. However, such ex-
tension of the parameter space could lead to modifications in the pattern of the uncolored
soft terms.
Possible extensions of our analysis in the gaugino scales ΛGi consist in taking ΛG1 6=
ΛG2 and/or considering sign differences among these scales, that we have instead taken
all positive for simplicity. For what concerns the scalar mass scales the only relevant
extension is in taking Λ2S1 6= Λ2S2 , since we have considered also UV tachionic boundary
conditions.
Within our assumptions, we have already realized low energy spectra with a very large
set of different possible un-colored NLSP: Bino, Higgsino, stau, selectron, tau-sneutrino.
We have described the main features of the spectra and we have discussed their possible
collider signatures. The extensions could lead to new classes of un-colored NLSP, or
realize the same NLSP scenario but through different mechanism and possibly different
spectrum structures.
For instance, implementing a hierarchy between the electroweak gaugino mass scales
as ΛG1 > ΛG2 , it is possible to obtain low energy spectra with sneutrino NLSP. Among
the sneutrino, the lightest is typically the ντ because of the large Yukawa coupling. In our
analysis, we have obtained a ντ NLSP driven by extra contribution to the Higgs soft terms
or messenger-parity violations. The common aspects of our two cases is that the effect
is induced by the violation of the GGM sum rule Tr(Y m2) at the messenger scale. This
would not be the case for a set up with ΛG1 > ΛG2 . It would be interesting to compare
the two mechanisms that lead to sneutrino NLSP and find characteristics of the sparticle
spectrum which are peculiar of a specific realization.
An interesting case for collider physics that we have not covered is the one of the
chargino NLSP. In [116] it has been shown that this possibility can be realized in the
MSSM in a small portion of the parameter space taking sign(M1) 6= sign(M2). It would
be interesting to explore also this possibility in GGM and find the consequences of the
Higgs mass bound on the resulting spectrum.
In our low energy spectra, the other scalar Higgses were always very heavy, realizing
the decoupling limit besides when accidental cancellations were driving them light as in
section 4.3. Generically, very large values of tan β can suppress the mass of the pseudo-
scalar Higgs boson A and lower the entire set of scalar Higgses as well. We did not discuss
those region of the parameter space where the MSSM is not in the decoupling limit, that
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we leave for future studies. These cases could be relevant if sizable deviations in the Higgs
coupling to the Standard Model particles will be discovered which seems unlikely at the
present stage.
With the classification we have provided along the paper and the few extensions that
we have discussed here, essentially all the possibilities for uncolored sparticles, plus the
gluino, have been covered. Without relaxing the GGM assumption on the vanishing A-
terms, the Higgs mass bound forces the squarks to be very heavy, among the heaviest
of the sparticle spectrum. We do not expect that modifying hierarchies among the UV
supersymmetry breaking scales can substantially change this conclusion. So within our
initial hypothesis, the squarks cannot be the lightest sparticles, and hence we have even-
tually discussed all possible NLSP species. For this reason, enlarging the parameter space
in the scalar mass scales ΛSi does not seem particularly promising.
8 Conclusions and Perspectives
In this paper we have extensively investigated the parameter space of General Gauge
Mediation and some extension of it, in the light of the 125 GeV Higgs mass discovery. We
have simulated the RG flow evolution of the UV parameter with SoftSUSY and we have
identified the possible low energy sparticle spectra compatible with the Higgs mass bound.
We have imposed flavour constraints and mild direct bounds on the sparticle masses.
Nevertheless, the 125 Higgs constrains tremendously the mass spectrum at low energy
and as a consequence restricts seriously the allowed parameter space. We discussed the
main phenomenological features of the possible low energy spectra and the corresponding
collider signatures and discovery prospects.
We have shown that generically the 125 Higgs mass forces the colored sector of the
sparticles to be quite heavy, typically beyond the reach of the LHC. Our investigation
suggests that viable collider scenarios in GGM should probably abandon the assumption
of universality among the supersymmetry breaking scales for the gauge group factors of
the MSSM. This possibility can make the low energy spectrum more accessible at LHC
in two directions: on one side we can obtain lighter un-colored sparticles, boosting EW
production; on the other side we can lower almost arbitrarly the gluino mass, increasing
the rate of the gluino pair production.
During our study, we have identified several interesting regions of the GGM param-
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eter space, characterized by exotic NLSP species and/or by unusual signals for collider
physics. We believe that many of these scenarios deserve further dedicated studies. Our
results provides the connection between the UV realizations and their low energy spar-
ticle signature, and support the conviction that GGM is still a powerful generator for
supersymmetric simplified models for LHC searches.
A natural extension of our work is to include in the GGM definition extra contributions
to the A-terms. The possibility that direct couplings between the Higgs sector and the
supersymmetry breaking sector induce new corrections to the A-terms, without affecting
the appealing properties of gauge mediation, has been recently studied in the literature
[23–29]. This would motivate a deep modification of our analysis, which we hope to
address in the near future.
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